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SECTION ‘1 
GENERAL DESCRIPTION 


The V70 Series Processor Manuel describes the 
processor, 1/Q control, and control panei. 


NOTE: 
In this Menuel, untese atherense soedtied. (re term “V70 Sevres” sopires ta (he 
tollqurng compuar madeis. V72, V73, V75. V76. and 77-400. 


The manual is divided into six sections: 


° Features and specifications of the processor, and 
related publications 


° 6Ingtailation and interconnection data 
° Operation 

° Theory of operation 

« Maintenance 


© = Mnernonies list 


Documents such as logic diagrams, schematics and parts 
ligts are sugotiied in a system documentation package. 
This documentation ts assemoied when the equipment is 
smipoed. and reflects tne configuration of a speecitic 
system. 


The tailowing list contains the part numbers of other manu- 
aig pertinent to tne V70 series computers (the x at 
the end of each document number is the revision number 
and can be any digit 0 through 9): 


8K Care Memory Manual 98 A 9906 03x 
8K Sermmiconductor Memory Manual 98 A 9906 04x 
16K Core Memary Manual (1200 ns) 98 A 9906 24x 
16K Core Memory Manual (990 ns) 98 A 9906 25x 


98 A 9906 05x 
98 A 9906 06x 


Cation Board Manual 
Power Sugoty (Universal) Manual 


V72 Power Sucoly Manual 98 A 9906 12x 
Microorogramming Guide 98 A 9906 07x 
Whritaoie Caontroi Store Manual 96 A 9906 08x 
Memory Mao Manuai 98 A 9906 10x 


MAINTAIN Itt Manual 98 A 9952 07x 


High-speed logic and use of a 60-nanosecond accass-iime 
contro! store permits the processor to exeruie a singie 
microinstruction in 165 nanoseconds. A grocessor interface 
iS provided tNat permits the internal contral-store to be 
disadied by a wntabie control store allowing for special 
agolications through user microprograms. Other features 
of the processor are: 


° igh performance through instruction pipdining 
° Extendabie arciitecture through microprograrmming 


e Independent operation of memory, |/O. and processor 
functions 


°° §6Muitipie-bus structure 
© 16 general-purpose registers 


¢ Gomprehensive sat of shift, arithmetic. and logical 
functions 


Table 1-3 lists the specitications of the processor. 


Table 1-1. Processor Specifications 


Parameter Specification 

Speed 168% nanoseconds (microinstruction 
execution time) 

Word length 16 bits 

Logic levels Hign m= +#2.4 to + 5.0V de 

(internal) Low = -0.4 to +0.8V de 

Logic levels Bign = +2.3 to +#3.6V de 

(1/70 bus) Low = -0.4 tg +0.8V de 

Power Processor board: 5V de at 12A 
Option board (with all options): 5V de 

at 1IA 


Cantroi-pane! board: 5V de at 2.1A 
Termination snoes (on back of 
maintrame): 5V de at 3.2A 
Environment 0 to 50 degrees C, 10 to 90 percent 
relative Rumidity without condensation. 


Foreed-asr For each 3W de power, one cubic foot 
cooling of air per minute applied above and 
below each circuit board. 


SECTION 2 
INSTALLATION 


2.1 INSPECTION 


The processor has been packed and inspected to ensure its 
arrival in good working order. To prevent damage, take 
care during unpacking and handling. Check the shipping 
list to ensure that ali equioment has been received. 
Immediately after unpacking, inspect the equipment for 
shipping damage. Ascertain that wires and cables are 
neither loose nor broken, and that hardware is secure. If 
Garage exists: 


a. Notity the transportation company. 
6. Notify Soerry Univac. 


c. Save all packing matertai. 


2.2 PHYSICAL DESCRIPTION 


The processor circuits are on the 15.6.by 19 inch processor 
board (p/n 44F0614), the 1/0 control cireusts are on a 
portion of the 15.6 by 19 inch option board (p/n 44P0619), 
and the control-cane circuits are on the 6.5 by 17.5 inen 
controi-panei board (p/n 44P0648). On the controi-panel 
board, 1s mounted a switch assembly (p/n 4470647) 
containing control-panel switches. The printed-cireuit (PC) 
boards are iilustrated tn figures 2:1 and 2-2. 


Figure 2-3 snows the locations of the processor, option, and 
control-panei boards in a typical maintrame installation. 
The control panei can be hinged open (figure 2-3) or 
compietely remaved from the mainframe as follows: 


3. Pull owt the control panel to the locked pasitian 
(aporoamatetly 2 inches). 


b. Litt ug on the contro! panei a fraction of an inch. The 
panel can now be hinged down to its open position. 


c. For complete removal of the control panel, unoiug 
cables from connectors J1 and J2 on the controi-pane 
board, press in the locking devices on sicies of siides, 
and pull panei compietety out of the maintrame. 


d. To install the control panei back into the maintrame, 
insert slides into siide rasis and siide the panei toward 
the mainframe (the side locking devices must be 
pressed to move pane! past the locked position). 


2.3 INTERCONNECTION 
Circuit-board connector functions are listed as follows: 
a, Processor board 


Pi, memory and power 

J2, writable control store 

J3, writabie control store 

d4, eption board 

J8, 1/0 lines 

J6, muitiple processor and writable 
control store 

b. Option board 


Pl, mernory and power 

JZ. not used : 

J3, auxihary 1/0 lines 

J4, processor board 

JS, 1/0 lines - 

J6, writable contrai store and processor 
J7,: priority memory access 

J8, Teietype 


¢, Cantrol-ganet board 
J1, 1/0 lines 
J2. power 


J3, switeh assemodly 
J4, switeh assemoly 


The pin assignments for these circuit-board connectors are 
given in the logic diagrams of each board (in System Main- 
tenance Manual). Logic diagram part numbers are: 


a Processor logic diagram. p/n 9180378. 


b. Option logic diagram, p/n 9180401. 


e. Cantroi-panei logic diagram, p/n 9150406. 


interconnection of the processor, option, and contro!-panei 
boards i$ shown in figure 2-4. 
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Figure 2-4. Interconnection Diagram 


SECTION 3 
OPERATION 


This section describes the operation of the V70 series 
comouters, 


3.1 SWITCHES AND INDICATORS 


All switenes and indicators required for operating the com- 
puter are located on the control panei. Not all computer 
models have the BOOT SELECT switch located in the upper 
half of the control panel snown in figure 3-1; however, the 
other controls and indicators are the same on all models. 
Excaot for the POWER and SOOT SELECT switches, wnien 
are key-operated, ail contral-panei switches are pusndut- 
tons. 


3.1.1 POWER Switch 


The POWER switeh is a key-operated, four-position switeh 
that controls the ac line voltage to the computer power 
supely. 


In the OFF position, the ac line voltage is removed trom 
the ingut of the power supply and the cotional data saver 
is disadied (if present). NOTE: When turning off power on 
systems with senmcanductor memory, do net restore power 
for at least 30 seconds to ensure ihe refresner logic is 
aperating. 


in the HOLD position, the ac line veitage 1s applied to the 
power supply. All de voltages are disabled except those 
required ta maintain data in the semiconductor memory. 
Neither the computer nor the contro! panei is operational. 


In the ON position, the ac line vaitage is applied to the 
power supply. Both the computer and controi panei are 
fully operational. 


The CONSOLE DISABLE position is jumoper-seiectabie to 
operate in two modes: 


a. All controi-pane pushdutton switches are disabied. 


o. Only the STEP/RUN and RESET switches are disabled. 


The jumper is factory-instailed on the contra-panel circuit 
board. With the POWER switch in ‘he CONSOLE DISABLE 
pasition, the ac line voltage is applied to the power suoply, 
the computer is operational, and the controi-panei indica: 
tor lignts are functionai. The key can be removed from the 
POWER swiich in any of the four positions. 


Ta turn aff the computer from tne CONSOLE DISABLE 
pasition, tum the POWER switch ON, piace the computer in 
the steo rnode (using STEP/RUN switch), and then tum 
the POWER switch to either HOLD (to maintain data in 
semiconductor memory) or OFF. 


3.1.2 STEP/RUN Switeh and STEP and RUN 
indicators 


The STEP/RUN switch is an alternate-action switeh that 
Switches the computer alternately to the step and run 
modes. In the step mode, the STEP indicator lights. In the 
run mode, the RUN indicator blinks until the START switch 
i$ pressed, at which time the RUN indicator comes on 
continususly. — 


When the cornputer is in the step mode, pressing the 
STEP/RUN switen piaces the computer in the rum mode. 
The STEP indicator goes out and the RUN indicator blinks. 
Whien in the rum mode, the comouter is ready to be started 
(by pressing the START switch). 


When the computer is in the rum “mode and has deen 
Started, pressing the STEP/RUN switch halts the computer 
atter the current instruction Ras deen executed and the 
next instruction fetched and loaded into the | register The 
RUN indicater goes out and the STEP indicator lights. In 
addition, a Rait instruction (atter the carmputer Nas been 
started) haits the computer and causes the RUN indicator 
to blink. 


3.1.3 START Switch 


When the computer is in the run mode but has not been 
started. pressing the START switch starts the program at 
the location specified by the contents of the program 
counter. The RUN indicator stops blinking and comes on 
continuously. 


When the computer is in the step mode, pressing the 
START switcn executes the instruction in the instruction 
register. Then it fetenes the next instruction from the 
memory address specified by the contents of the program 
egunter and loads it in the instruction register. The STEP 
indicator remains on. 


3.1.4 BOOT Switch 


The BOOT switch allows the bootstrap program to be 
loaded into the computer memory automaticaily. The 
bootstrap program enabies the loading of the binary load/ 
dump prograrn into memory. When BOOT 's pressed, the 
RUN indicator lights. Refer to the program execution 
portion of this section for bootstrap program loading 
procedures. 
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3.1.5 Register-Entry Switches and 
Register-Display Indicators 


The top row of control-panei lights comprises the 16 
register-disiay indicators. They dispiay the contents of the 
display register. This register, located on the contro/-panei 
circuit board, can be loaded from the register-entry 
switches on the contro! panei just below the 16 indicators. 
In addition, 16-bit data words can be loaded into the 
display register under contrai of the DISPLAY SELECT and 
REG SELECT switenes (sections 3.1.7 and 3.1.9), allowing 
visual inspection of the contents of various registers and 
memory addresses. 


Any of the sixteen bits can be sat by pressing the 
Corresponding register-entry switch. With a bit set. the 
corresponding display indicator lights. Pressing a register: 
entry switch for a bit already seat has no effect. Bits can 
be reset aniy to zero by pressing the DISPL CLA switen 
(saction 3.1.6). 


For negative data, the sign bit (bit 15) is set (one). 


3.1.6 DISPL CLR Switch 


The contents of the disolay register can be cleared (resat to 
zero) by pressing the DISPL CLR switen. This turns off ail 
sixteen dispiay indicators. 


3.1.7 OISPLAY SELECT Switches and Indicators 


The five DISPLAY SELECT switches are used to select one 
of several registers for displaying its contents on the 
register display indicators and aitering them from the 
register-entry switenes, Pressing any OISPLAY SELECT 
switch ¢ancels any previous selection, turns off the 
indicators for the previous salaction. and lights the 
indicators for the new seiection. Pressing OISPL CLEAR 
(section 3.1.6) clears tne display register and turns off the 
display indicators. . 


3.1.7.1 MEM Switch 


The MEM switch selects the memory for data entry or 
display. For entering data into memory and displaying the 
contents of memory refer to the manual operations (section 
3.2). 


3.1.7.2 STATUS Switch 


The STATUS switch displays the status of various signais 
trom the processor. To dispiay the status of these processor 
signals: 


a. Turn the POWER switch ON. 


QPERATION 


b. Place the computer in the step mode. 


ce Press STATUS. 


The register-dispiay indicators now indicate the following: 


Bit 15, Key register bit 15 (OCK15+) 

Bit 14, Key register bit 14 (DCKi4+) 

Bit 13, Key register bit 13 (OCKI3 +) 

Bit 12, Key register bit 12 (DCK12+) 

Bit 11, Arithmetic and lagic unit carry 
(DCNOC +) 

Bit 16, Arithmetic and logic unit sign 
(DSGN + ) 

Bit 9, Arithmetic and logic unit output 
equals all ones (DEQ +) 

Bit 8, Arithmetic and logic unit 
avertiow (DOVE + ) 

Bit 7, Shift counter output bit 4 
(OSCO4 + ) 

Bit 6, Shift counter output bit 3 
(DSC03 +) : 

Bit 5. Shift counter output ot 2 
(OSCO2 +) 

Bit 4, Shift counter cutout bit | 
(OSCOi +) 

Bit 3, Shift counter output bit 0 
(OSCCO + ) 

Bit 2, Arithenetic and logic unit 
output zero (DCNOZ +) 

Bit 1, Supervisor mode (CESK +) 

Bit 0, Net used 


3.1.7.3 | Switeh 


The | switch selects the instruction (!) register for data 
display or entry. Pressing the | switch while the RUN 
indicator is off or Diinking (steg mode or halted) displays 
the contents of the instruction register om the register. 
dispiay indicators. Changing the contents of the disptay 
register, by pressing tne DISPLAY CLR switch and the 
register entry switches, automatically changes the contents 
of the instruction register. The instruction register contains 
the instruction to be executed next. 


3.1.7.4 P Switch 


The P switen selects the program (PF) counter for data 
display or entry. Pressing the P switch wntie the RUN 
indicator 1s off or blinking (step mode or haited) displays 
the contents of the program counter on the register-dispiay 
indicators. Changing the contents of the display register, by 
pressing the OISPLAY CLR and register-entry switches, 
automatically changes the contents of the program counter. 
The program counter contains the address of the next 
instruction to be fetched. 
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3.1.7.5 REG Switch 


The REG switch enables one of the registers designated by 
the REG SELECT switches (section 3.1.9) to be selected for 
data display or entry. 


3.1.8 DISPL and ENTER Switches 


The DISPL switch is used with the MEM switch (section 
3.1.7.1) for dispiaying memory data on the register-display 
indicators. 


The ENTER switch is used with the MEM switch to load 
data inta memory trom the register-aentry switcnes. 


The procedures for displaying memery data and entering 
data into memory are described under manual operations 
(section 3.2), 


3.1.9 REG SELECT Switches and Indicators 


When tne REG switch (section 3.1.7.5) is pressed, any 
desired general-purpose register can Se selected for dis- 
playing its contents on the registur-dispiay indicators: or 
altering ifs contents from the register-entry switcnes. The 
register selection is accomplisned by entering a Dinary code 
using the four REG SELECT switches designated §, 4, 2. 
1. A one dit is produced Sy Sressing he appropriate REG 
SELECT switen: a zero dit is produced by not pressing (the 
switch. A one Ot causes the corresponding indicator to 
lignt. Table 3-1 lists ine binary cocles fer specific registers 
used wit (he dase instructian set. Tadie 3-2 lists tne binary 
codes for specific registers used with the extended instruc- 
tion set When the binary code Ras been entered, the 
register-dispiay indicators automatcally display the cone 
tents of the selected register. Changing the contents of 
the display register, using the DISPLAY CLA and regis- 
tar-entry switcnes (sections 3.1.5 and 3.1.6), automatically 
changes the contents of the selected register. 


Table 3-1. 


Register Selection Codes for Basic 
instruction Set 


REG SELECT Switches Setected Register 


842 1 

Q00 0 A 
000 1 8 
990 1 ~«0 x 
QoQ 01 1° 

ot 0 of 

Qo toi. 

Oo t t of 

Q ttt 

t 0 0 af 


continued 
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REG SELECT Switches Seiected Register 


i° 
Qe 
1* 
Q* 
1* 
Q* 
1° 


-—-eK ee OOO 
KK OF Oe - O 


* Thee codes select registers that are not used ‘or 
programming with the instruction set of a V70 
system. They are avaiable for WCS microprogramming use 
With two exceptions, the contents of these registers can be 
displayed and aitered using the control panel. However, 
such alteration should be done only for maintenancg 
purposes or special applications. The register selected with 
O100 aiways contains the contents of the instruction 
register, The regrsters selected with OO11 and O101 aiways 
contain all Zeros and all ones, respectively; tne contents of 
these two registers cannot de aitered from the control 
pariet, 


Table 3-2. 
Register Selection Codes for 


Extended Instruction Set 


REG SELECT Switches Selected Register 


8421 
9000 RO 
0001 RY 
001 0 R2 
Q0ai11 R3 
601090 A4 
6101 R§ 
661 1 Q Fé 
QO 1:1 1 R7 
1 0 0 Of 
1090 1° 
1 Q 1 =O 
10 1 #19 
1 41 90 O° 
1 1 90 «1° 
+ 1 1 = Q° 
1 1 1 =«198 


“These codes select registers that are used for WCS micro- 
programming. With two excections, the contents of inese 
registers can de displayed and altered using the control 
panel; Nowever, alteration from tne control panel should 
Se done only for maintenance purposes or speciai aoolica- 
tions. The register selected with the binary code of 1000 
aways contains the contents of tne instruction register. The 
registers selected with dinary codes of 1071 and 1100 
always contain aii zeros and ail ones. respectively: tne 
contents of these two registers can not be altered trom 
the contra! panel. 


3.1.10 CLEAR and INCR Switches 

The binary code for a selected register (section 3.1.9) is 
cleared (set to zero) by pressing the CLEAR switch. Each 
time tne INCR switch is pressed, the binary code for a 


selected register is incremented by one, selecting the 
subsequent register. 


3.1.11 INT Switch 

The INT switch is used to interrupt the computer and is 
functional only in the run mode (RUN indicater on). 
Pressing the INT switch interrupts to memory address Zero. 
3.1.12 RESET Switch 

Pressing the RESET switch: 


a. Halts the computer 


g 


Stops 1/0 operation 
¢. Initializes both the computer and its perioneral devices 
dG. Laaves the cornputer in step mode 


e. If the computer was in run moda, turm the RUN 
indicator otf and the STEP indicator on. 


f. Resets the overflow indicator (bit-3 register-dispiay 
incieator with STATUS switeh pressed. section 3.1.7.2). 


3.1.13 SENSE Switches and Indicators 


The three alternateaction SENSE switches germit the 
execution of predetermined program branching by the 
operator, When the program contains jump. jump-and- 
mark, of execution instructions that depend upon the 
setting of the SENSE switches, the jumps and executions 
occur oniy if the switch conditions are met. 


Pressing a SENSE switch sets it and causes its associated 
indicator to light. Pressing tne sarne switch again resets it. 
Causing its indicator to go out. 


For example, a program can be written so that the operator 


can obtain a partial total of a column of figures being | 


added by use of the JSS1 (jump if SENSE switch | is set) 
instruction. The program writes individual entries as long 
as SENSE switch | is not set. When the operator wants a 
partial total, he sets the switch. The program then jumos to 
an instruction sequence that prints the desired 
infarmatean, - 


3.1.14 BOOT SELECT Switch 


The SOOT SELECT switch is inoperative on computer 
systems (nat Nave the new register-seleciabie automatic 
bootsirap prograrns. 


The SOOT SELECT switch is a key-operated switch avail- 
adie on some modeis to saiect one of Me three automatic 


OPERATION 


bootstrap programs. After the selection is made, the beate 
strap program is automatically loaded into memary by 
pressing the BOOT switch (section 3.1.4). 


BOOT SELECT switch positions with corresponding auto- 
* matic bootstrap programs are listed below: 

Position 1 Teletype 

Pesition 2 High-speed paper tape reader 

Position 3. Oise memory 

3.2 MANUAL OPERATIONS 


Using the control-pane! switches and indicators (section 
3.1), data or instructions can be transterred manually to or 
from memory or a selected register, and stored programs 
can be executed manually 


Manual execution of a stored program is discussed in 
section 3.3. 


3.2.1 Displaying Register Contents 

To display the contents of the instruction register: 
a. Place the computer in step mode 
b. Press! 

To display the contents ot the program counter: 


a. Place the computer in step mode 
b. Press P 


To display the contents of a general-purpose register. 
a. Place the computer in tne sieo mode 


Bb. Press REG 


c. Using the four REG SELECT switenes. enter the ap- 
propriate binary code (sae tapies 3-1 of 3-2) 


3.2.2 Displaying Memory Contents 
To dispiay the cantents of a memory address: 
a. Place the comouter in step mode 
b. Press P 


c. Using the DISPL CLR and register entry switches. enter 
the desired memory address in the program counter 


d. Press MEM 

e Press DISPL switen. The contents of the setected 
memory address are now displayed on the register- 
dispiay indicators. The programm counter is automat. 
cally incremented. 


{. Repeated actuation of the DISPL switch dispiays the 
contents of consecutive memory addresses 
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3.2.3 Displaying Overtiow Status 


To dispiay the overtiow status: 
a. Place the computer in step mode 


b. Press STATUS 


c. If register-display bit 3 is on, there is overflow. 


3.2.4 Entering Data in Memory 
Ta enter data in memory: 
a. Place the computer in step mode 


b. Press P 


c. Using the OISPL, CLR and register-entry switches, enter 
(he memory address in the program counter. 


dg. Press MEM 


a. Using the OISPL CLR and register entry switches, enter 
the data in the display register. 


ft. Press ENTER to load the data in the previousiy 
addressed mernory location. The program counter is 
automatically incremented. 


g Receat steps @ and { to enter data in consecutive 
memory addresses. 


3.2:5 Entering Data in a Register 


To enter data or instructions in a register: 


a. Oispiay the contents of the selected register as 
deserided in section 3.2.1. 


b. Using the OISPLAY CLR and register-entry switches, 
enter the desired data or instruction in the selected 
register. ° 


3.3 PROGRAM EXECUTION 


To make a coid start (i.¢, when a new system is Seing 
initialized or the contents of memory are unknown): 


a. Turn the cower on 

b. Load the dootstrap program 

c Load the dinary load/dump program 

d. Load the object program 
Instructions for steps a and 5 are provided below. Loading 
tne binary load/dump and abject programs ts discussed in 
the Binary Load/OQump Program section of the applicable 


system Randdook, with manual execution of a stored pro- 
gram explained below in section 3.3.3. « 
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3.3.1 Power On 


Turn on computer power by placing the POWER switen to 
ON. When power is first turned an, the following conditions 


apply: 
a. Step mode (STEP indicator on) 
b. kevcesaiiches not set (SENSE indicators off) 
ce. Oisptay register cleared (register display indicators off) 
d. P switeh on (P indicator on) 
@. REG SELECT switches off (REG SELECT indicators att) 


When power is rernoved and reapolied without actuation of 
the POWER swich (by loss and recovery of the ac line 
voltage), the same conditions apply. excapt the computer 
will be in the run mode (RUN indicator on) instead of the 
steg mode. 


3.3.2 Loading the Bootstrap Program 


The Dootstrag program permits loadable programs to be 
loaded into main memory from a perioneral device. It isa 
program contained in a programmabie read oniy nemary 
(PFIOM) located in the processor. The operator can select 
a bootstrap program for one of three types of penpnerai 
devices: Teletype paper tape reader, high-speed paper 
tape ‘eader, or disc memory. The disc version of the 
bootstrap loader is primarily used for automatica program 
loading in a VORTEX operating system. The paper tape 
versicins are primarily used for (he automatic loading ot tne 
binary load/dump program which is required for certain 
stand-alone programs contained on paper tape. Refer to 
the V70 Utility Programs Manual for a description of the 
binary load/dump program. Loading procedures for 
specific V70 sottware (VORTEX, FORTRAN IV, V70 
Assemoter, etc.), are described in corresponding V70 
sottware manuals, . 


The desired bootstrao program is selected dy loading 
the appropriate Dootsirap selection coce into register FO 
(A register). The selection codes are: 


a. Tetetype paper tape reacer oogond 
bd. Hign-soeed paper tape reader 000001 
ec. Dise memory system ag0dd2 


Before tne dootstrao program is loaded, the oinary icad/ 
Gum tape (\f paper tape input 1s being used) snouid Se 
inserted into (he pacer tape reader with (Ne first Dinary 
frame at tne reading station. 


Addresses and instruction codes (octai) for the autoriatic 
bootstrap programs are listed in tables 3-3 and 3-4. 


To load the automatic bootstrap program: 


a. With tna POWER switch in tre ON position. placa 
the computer in tne steg mode (STEP indicator on). 


OPERATION 


db. Press REG Address instruction Cade Symbolic Coding 

c. Using the tour REG SELECT switches. enter the 000200 007000 
binary code for register AG (0000). 000211 0008144 ee 

, 000212 000$101 

3. Using the OISPL'CLA and register-entry switcnes. (00213  100837°* (102601) sai a poy 
enter the dasired bootstrap selection code into 000214 101837*° (101201) S&L ExC IBFR,REAO 
register AQ . 000215 000200 (Memory address) 

@. Place tne comouter in the run mode oy pressing the posed pads Prenat: 


STEP/AUN switen (RUN indicater Blinking). 


“When using the Teletype reader, repiace this code with 


f Press SOOT (RUN indi his | 
OT (RUN indicator is now on) This loads the one in oarentheses. 


the bootsirap program and opject program into 
main memory 


The following procedure 1s for (ne user who wishes ta load 
AlS Own Bootsirag program manually: 


a. With the POWER switch in the ON position. piace the 
computer in step mode (STEP indicator on) 


6b. Press P 
U the DISPL CLR and t t en Sarwar 
c. Using the and register entry switches, enter 
the starting memory address of the bootstrap program ‘ Automatic Bootstrap Program for 
in the program counter Disc Memory 
ab srreee ett Address instruction Gode 
e. Using tne OISPL CLA and register entry switenes, enter 
the aporoopriate code of the next instruction in the 007130 vous 
console register 007137 104076 
: . 007132 100216 
f. Press ENTER to load instruction code inte the memory 001133 005001 
address specified by the program counter. The program 001134 © 103116 
counter is incremented automatically. 001135 107016 
007736 007141 
g. Repeat steps e and f for each of the remaining 601737 901000 
bootstrap instructions 007740 0071135 
001141 102516 
001142 181167 
001143 100021 
001144 001130 
001145 100021 
007146 100316 
001147 005102 
2 001150 103216 
Table 3-3. 001151 103120 
Automatic Bootstrap Programs for 001152 006010 
001153 001130 
High-Speed and Teletype Readers Seiad peeps 
001755 100020 
Address inatruction Code Symbolic Coding 007 156 100016 
007157 101416 
* 000200 102837° (102601) READ CIB ROR 001160 001187 
000201 004011 ASLB NBIT 001161 102516 
000202 004041 LALS 1 001162 1811867 
000203 004446 LLAL 6 001763 001016 
000204 001020 JBZ SEL 001164 001130 
Q00205 00214 (Memory acidress) 001165 001000 
000206 055000 STA 0,1 007766 000600 
000207 001010 JAZ LHLT + 1 001167 007760 
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Table 3-5. 
Manual Bootstrap Programs 


High-Speed Teletype 
Reader Reader 


Address Cade Symbaiic Coding 
007786 102637 102601 REAO CIB ROR 
007787 004011 Ooad0lt ASLB NSIT. 7 
007760 004641 Q04041 LRLB 1 
007761 004446 008446 LLRL 6 
- 007762 001020 QQ1020 J8Z SEL 
007763 007772 007772 (Memory address) 
007764 085000 053000 STA Q1 
007765 Qd01010 QOLOLO JAZ LALT + 1 


007766 00700M%a) 00700@(a) (Memory address) 
007767 05144 005144 IXR 

007770 © OOS101 Coslol ENTR INCR 1 
007771 100837 102601 SEL ROON 
007772 101837 101201 
007773 007786 007756 (Memory address) 
007774 001000 001000 IMP *-2 
06777§ 007772 007772 (Memory address) 


‘ 


NOTE 


The deotstrap loadey routine is always loaded 
inte the highest address of the first 4K memory 
increment, regardiess of availadle memory. BLO 
ll relocation and adaptation to the specfied 
input device are described in the Binary Load/ 

Oump Program section of thie aoplicadie system 

handbook. 
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SEL EXC I8FR.READ 


{a) Reptace this code with 007600 if tne test 
executive of MAINTAIN Ill (document 98 A 9952 
07x) is to be loaded and executed. 


3.3.3 Executing a Stored Program 


To execute a stored program manually: 


a. 


0. 


Cre 


ad 


Place the computer in step 
Press P 


Using the OISPL. CLR and register entry switches, enter 
the address of the first program instruction in the 
program counter 


Press | 


Press OISPL CLR to clear the instruction register 


Press START. This loads the instruction specified by the 
program counter into the instruction register 


Press START again. This executes the instruction and 
loads the next program instruction into (he instruction 
register 


Repeat step g for each instruction in the program 


To execute a stored program automatically: perform steos a 
through e@ zoove, place the computer in the run rnode by 
pressing tha RUN/STEP switch, and press START. 


SECTION 4 
THEORY OF OPERATION 


4.1 GENERAL 


This section describes the circuit operations of the proces- 
sor Seard, 1/O control portion of the option board, and 
csntrol-punel board. Furthermore, the control-store word 
format and addressing are aiso described. For the most 
Part, the circuit descriptions are written to functional block 
diagrams that accompany the text. In some cases, however, 
the reader may wish to reter to the appropriate logic diagram 
in the System Maintenance Manual. Logic diagram part 
fhumbders are: 


a. Processor board, 91580373 
b. Option beard, 9180401 
¢. Cantrol-pane board, 9180466 


For ease of reading, same mnemonics are written with the 
variable n in place of the actual Sit numbers. For exampie. 
ALU data mmemonics DALOQ+ througn OALIS+ are 
weitten DALN + (0-15). Mnemenic conventions and defini 
tiens are provided in section 6, 


4.2 FUNCTIONAL DESCRIPTION 


As illustrated in figure 4-1, the major functional sections of 
the processor are central control, data loop, memory 
eontroi, |/O data loop, and 1/0 control. Except for the 1/0 
control, winch ts located on the option Beard. these 
sections are on the processor Seard. Communication 


VITI-450MA 


ahead ry 


CEMTRag 
COMPO, 
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between the processor and the contro! panei is via the 1/0 
bus. The processor bus structure is illustrated in figure 4-2. 
A briet description of the five major sections is provided in 
the foliawing subsections. 


4.2.1 Central Control 


The central control is the heart of the processor. It contains 
the instruction register, controi store, control store bufter, 
ang contra sequencing logic. The following functions are 
pertarmed by the central control: 


a. Initiates memory cperations 
b. Initiates 1/0 operations 
ec Oecodes instructions 


Cantrols data transters and maniguiations 
Tests internal data loop conditions 
f, Responds to interruots_ 


Tre 16-bit instruction registar receives instructions from an 
instruction buffer which is then free to acceot new 
instructions. This doudie buffering of instructions provides 
a pipelining technique tMat allows the next instruction tc be 
fetcned during an otherwise unused memory cycle. The 
suiput of the Mistruction register can then be routed to the 
aniAmetic and logic unit (ALU) or further decoding may be 
pertormed. F 


Figure 4-1. Processor Functional Block Diagram 
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4.2.2 Data Loop 


The data loop provides data transfer paths. data manipula- 
tion circuits, storage registers, and counters (figure 4-2). 
The data loop performs the following functions: 


a. Selects both of the ALU inputs from the following 
sources: 
1. 16 general purpose registers 
2. Ogerand register 
3. Marnary ingut latch. in memory control section 
4, I/Qregister, in |/O data loop section 
5. Status word (signals displayed by controi-panel 
STATUS switeh) 
6. Instruction register (masked), in central control 
section 
7. Prograrn counter 
8. Cantrot store literal which consists of a 16-bit mask 
fieid from the control store butter. 


db. Pertormns arithmetical and logical operations on the 
ALU inputs. 


¢. Pertormns single and double length, Didirectional. open 
or closed. arithmetical or logical siifts in accordance 
with the contents of the sit counter. 


d. Stores and saeiects the desired test conditions such as 
ALL output Zero. overtiow, carry, SENSE switenes, ete. 


The ALU performs arithmetic and logical functions under 
control of the .cantral store butter. The ALU output is 
applied to the memory contro! and |/0 data loap sections. 


4.2.3 Memory Control 


The memory controt pertorms tasks initiated by the central 
control, I/O control, or options (an option board). it 
acknowledges acceptance of these tasks to the requesting 
section and sigriais compietion. Once a request is accepted, 
no further requests are acknowiedged (ane exception to 
this rule perms the central contral to override a previcus 
request before it Mas been completed) Priority memory 
access (PMA) requests have a higher priority than 1/0 
requests, and |/O requests Mave a higher priority than 
central control requests. , 


The fotlowing functions are pertormed by the mernory 
control: . 


a. Accegts tasks from central control and stores the 
tollowing information to complete the task: 
1. Rlead/write 
2. Word/byte 
3. Address source 
b. Accepts tasks from options 


¢ Accepts tasks from 1/O control 


d. Acknowiedges recetot of tasks 
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@. Resolves priority of simultaneous requests 


f. Oefers requests if higher priority devices, such as PMA, 
request use of the memory bus. 


g. Provides asynchronous operation and drivers/receivers 
for the memory dus. 


h. Signals compietion af scheduled task. 


Since the memory contrei operates asynchronously, the 
central contro! is free to perterm other non-memory 
operations whiie the scheduied task is being executed. The 
memory control's ability to acerpt tasks from the 1/0 
control permits direct memory access (OMA) operations to 
cycle steal without interfering with non-memory operations 
in the remainder af the processor. 


4.2.4 1/Q Bata Loop 


The 1/0 data loop (see figure 4:2 for I/O data paths) 
contains a muiltigiexor. 1/O register, and drivers and 
receivers. Three sources of data are applied to the 1/0 data 
loge: data frem the I/O bus. data from the ALU. and data 
fram the memory |/0 laten. The input data is selected by 
the 1/0 muitipiexor under contral of 1/0 control signals and 
transferred onto the bidirectional |/O bus. 


In addition to Bemg applied to the 1/O drivers. the output 
ot the 1/0 register 1s applied te the data loop and mernory 
control sections. 


4.2.5 1/0 Control 


The 1/0 control operafes under contro! of an independent 
1/0 control store and pertorrns 1/0 operations initiated 
either by the central contro! or pertoneral device activity. 
This permits |/O operations ta grocead with minimurn 
impact on other internal processor functions. The 1/0 
contro! performs the following functions: 


a. Programmed I/O initiated by the cantrai control, 
. OMA trap-in/trap-out operations (ua ta 372.900 words 
per second, with samiconductor memory). 


3 High-speed OMA trap-in/trap-out operations (up to 
969.600 words per sacond, with semiconductor mem- 


ory). 
d. I/O interrupts 


4.3 CENTRAL CONTROL CIRCUITS 


This section describes the hardware circuits of the central 
control. To understand the funciions of tne central control, 
one musi aiso become familias with (he microorogramming 
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cperations (firnware). Listed below are sections of this 
manual containing microgrogramming intormation: 


a. Control-Store Word Format (section 4.3) 
b&b. Control-Store Addressing (sectian 4.9) 
¢. Microprogramming Exampies (section 4.11) 


Other microgrogramming documents to be used in can- 
jUNGtion with this manual are: 


a. The Microprogramming Guide (98 A 9906 07x) de- 
scrides capabilities, techniques, and coding of micro- 
programming. 


0. The Micro-Word Flowcharts (98A0887) are contained 
in the System Maintenance Manual. 


The circuits of the central control are shown in the biock 
Giagram of figure 4-3. Page numiders of the processor logic 
diagrams are provided in parentheses for each circuit block. 


4.3.1 Instruction Register 


The 16-dit instruction register recsives instructions 
Mi!n » (0-18) from the instruction Buiter (ia the memory 
control section) which is then tree to accept new instruc. 
tions. Ths double dufennig of instructions provides a pipe 
ining technique that allows the next instruction ta be 
tetened during an otmerwise uriused memory cycie. Reter 
to section 3 of Micraprogramming ‘Guide for further intor- 
mation on the instruction pipeline. 


Data 1s clocked into the instruction register by clock signals 
that result trom gating tne full clock KKC2 + with CTEGO + 


and C8GO+. The register clocks occur whenever the 
control-store suffer T field contains 00 (CTEQO + is high) 
and the G field bit 0 is true (CSGO + is high). The register 
generates instructions C2in(0-15) in both true and cornpie- 
ment torm. 


4.3.2 Instruction Field Selector 


The instruction field selector consists of ten §-input 
muiltipiexors which can select a field of up to five bits from 
the instruction register to form the low order bits of the 
contro store address. This is accomolismed by using the FS 
field of the contro! store oufter CBFSn +(0-3) to specify 
whieh of 16 possible fields are to be extracted and applied 
to the control store address lines CEAOn~ (0-8). Since there 
are not enough bits in the 16 Bit instruction register to 
provide 16 §-oit fields, the remaining bits (muitipiexor 
inputs) are ether grounded to provide a source of logical 
ores to the control-store address of connected to various 
processor flags for conditional branching. All outputs from 
the instruction fieid selector are masked by Bits in the MS 
and MT fieids of the control store buffer, thus providing a 
generalized method for generating addresses. That «s, 
addresses may be formed which either depend on the 
cantents of the instruction register or may de ariitrarily 
specified by selecting a field position containing logical 
ones and then masking off the desired logical zero dits 
using tne MS and MT fieids. 


Bits 0. 1. and 2 of tne FS fietd select one input of each 
muiltipiexor. The bit-3 active low and migh signals of the FS 
field (CBFS3= and CBFS3 +) enable the five A multipiexors 
CFSAn + (0-4) or the five 8 muitioiexors CFS8n + (C-4), The 
muitiolexor truth table is snown in table 4-1. 


Table 4-1. Instruction Multiplexor Truth Table (IC Type SN74151) 
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4.3.3 Instruction Decoder 


The instruction decoder provides preliminary decoding ot 
the two most-significant 4-oit fieids of tne instruction 
buffer Miln © (8-15). Oecoding is accomplisned with 
PROMS (programmabie read only memories) that are pro» 
grammed for optimum pertormance. As illustrated in 


figure 4<4, tne PROMs are divided into two sections. A2 
and A3. The A2 PROM decodes M1In - (8-11) and pro- 
duces 9-dits of output data C/OA2n - (0-8) plus control 
signais. The A3 PROM decodes M1in © (12-15) and pro- 
duces 9bdits of output data CIOA3n + (0-8) plus control 
signats. The two 3-dit data words are applied to the in- 
struction decoding logic where they are combined with 
the least-significant 4-dit fieids of the instruction buffer. 
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4.3.4 Instruction Decoding Logic 


The instruction decoding logic produces the 9-bit address 
for the contrai store CEADr=(0-8) by combining the two 
least significant 4-bdit fields of the instruction buffer 
Miln +(0-7) and the two 9-bit outputs from the instruction 
decoder CIOA2n + (0-8) and CIDAZn + (0-8). This logic and 
the instruction decoder ara completely general purpose, 
and can be used to optimize any instruction set's 
pertormance by changing the controt store contents or by 
using a writable control store. 


Formation of the decoded contral-store address is accom- 
plished with open-collector drivers. Section 4.9 provides a 
detailed description of control-store addressing. The dlock 
chagram in figure 4-5 shows the inputs and outputs for the 
driver circuits. The outputs are (ne control store address 
signals, and the inputs are data from tne instruction bufter 
and instruction decoder plus enatiing signals generated by 
the instruction decoding logic. The enabling signals are 
described as follows: ; 


a. CACIOA+ and CACIOG + enable decoded addresses 
to be agpiied to the cantrot store, and are Migh except 
when intiatited by an interrupt (COREN +, CAEN +, 
CENO + are nigh). A low CIM30= inmidits address 
decoding. 


p. CILC2 + transfers the CiOA2n +(4-8) signals to bit 
positions 4 througn 3 of tne control store address. 

_ CILC2 » is controlled by signais generated within the 
INstruction decoding loge. 


¢ CILC2X + transfers tne CIQAZn (0-3) signals to bit 
positions O throug 3 of the control store address. 
CILC2X + is controiled by CIO00 +. 


d. CILCO+ transters the Mlin +(0-3) signals to 43it 
positions QO through 3 of the control store address. 
CILCO+ 1s controlled sy CIOS32-, CIOS20+. and 
CiOS30. . 


@, CILCL + transfers the Mlin+(47) signals to bit 
positions Q througn 3 of the control store address. 
CILCL + is controiied by ClOS32=. ClOSZ1 +, and 
Cclos3le. 


4.3.5 Address Control 


The address control applies two enabling signals (CEAFS + 
ana CEATS +) to the address seiector. 


CEAFS + Is true (Nigh) when one of the following conditions 
occur: 


a. The T field contains binary 10 (CBT1 + high and 
CETO= low) indicating a true condition 1s being tested, 
and the true condition is met (OTCNO + is nigh). 


b. The T field contains 00 (CTEQO + is nigh) indicating no 
conditional testing 1s Seng pertormmed, the interrupt 
address is not enabdted (CEAlA= is migh), and the 
decoder address is not enabled (CACIOE= 13 nigh). 


c. The T field contains biriary 11 (CTEQ3 + 1s Mgn) 


indicating (Mat a taise condition 1s bemg tested. anc tne 
faise condition is met (OTENO= is high). 
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CEAT'S + is true (high) when one of the following conditions 
occur: 


a. Conditional testing is being performed (CTEQO- is 
high), and field selection is not enabled (CEAL- is 
high). 


b. No conditional testing is being performed (CTEQO + +s 
high), no register field selection (CBAGE- ts high), the 
TS field is nat enabling interrupts (CSTOG2= is high), 
no 1/0 request (CRQIO= is nigh), and there is no page 
jump (CPAD= is high). 


4.3.6 Address Selector 


Under control of the address contro! circuits. the adcdress 
selector selects the mext control store address from one of 
the ‘ollowing sources: 


a. Instruction field selector. 

b. AF fieid af control store Sutter. 
c. Alternate test address (TS fieid). 
da. Interrupts. 


@ RESET switch. 


The controf store address lines CEAOr=(0-8) from the 
address selector are logically ORed with address lines from 
he instruction decading logic and reset logic. The OR 
furiction ts accomplished Sy driving the address lines with 
open-coilector integrated circuits. 


When an instruction field selection occurs, a nigh CEAFS + 
enables a 5-dit field from the instruction field seiector 
CFSAn(0-4) or CFS8n(0-4) ta be used as tne least 
significant bits of the control store address CEAOr (0-4). 
Bit 4 is also enabied by a high CMTIO + wien indicates 
that no 1/0 cageration has Seen requested and the mask dit 
is (rue (CBMT + is Argh). Bits O through 3 are masked by 
the MS field CSMSn + (0-3). 


Wiren no instruction decoding is being performed, a nigh 
CACIOE= enabdies the AF field CBAFn +(0-4) to De used as 
the most significant bits of the contrat store address 
CEAOn= (4-4), 


When an alternate test address :s seiected. a figh 
CEATS » enables the TS fieid C8TSn +(0-3) to be used as 
contrat store address bits | througn 4. 


When an interrupt address is required, a igh CEAIA + 
enaoies interrupt addresses !!An+(0-3) fram tne i/O 
saction to be used as the least significant bits of the 
controi store address CEAODn= (0-3). 


Pressing the control-panei RESET switch. produces a nigh 
CADEQL = which sets ail bits of the control store address 
ta ones (low level). Bits 0 through 4 are set Dy the address | 
salector, and Bits § through 8 by the reset logic. 
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4.3.7 Control Store 


The controt store is a 512-word by 64-bit hign-speed ROM. 
It Contains tne micraprogram which emulates tne com- 
puter’s instruction set. Control store output bit 0 through 
31 are appiied to the control store buffer in tne data loop 
s@ction, and quiput bits 32 through 63 are applied to the 
controt store butter in tne central controi. Since the cantrol 
store outputs are tristate (or open collector), they can be 
disadied to allow an external cantroi store to provide the 
inputs to the control store Suffer. intertace signals tor the 
external control store are routed through processor Doaurd 
connectors P2 and P3. 


A low XCSEN + disables the contrat store when an external 
control store is used (XCSEN +is high with no extemal 
contrat store). A high CBIEN= disabdies control store bits 0 
through 7 and allows these bits (0 be applied to the control 
store buffer from the register field saiector. 


For a list of the binary codes contained at each address ot 
the contrat store, reter te document 311.1709-001 in the 
System Maintenance Manual. 


4.3.8 Buffer Control 


The buffer control decades certain fields of the control 
store bufter. 


When tme AG field does not contain 00 (CBASO+ or 
CBAB1 is migh) and there is no 1/0 transter requested 
(CRQIO + 1s low), a Migh CBABE + enables the register 
field selector to provide input data to the A and 8 fieids. A 
rign CBIEN= disabies the cantrot store output bits 0 
through 7 when the register field selector is enabied 
(CBABE » 1s high) or the MR ‘ied contains 1 (CBMR + 1s 
nigh). CBAKE=1s an enabling signai for the A field of the 
control store Oulter. 


CMTIO + is the repowerad MT-fieid bit (CBMT +) which 
i$ applied to the address selector when (there is no 1/0 
request (CRQIO= nigh). 
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CMRIO= is generated by gating C8MR + with CRQIO- to 
mask the most significant bit in the register fieid selector. 


CIMOEN + is an enabling signal for the file control in the 
Gata loop section. 


4.3.9 Register Field Selector 


The register field selector, which contains faur 3-input 
rruitipiexors, oermits the selection of a 3- of 4-dit field from 
bits O through 10 of the instruction register C2!n + (0-10) 
anc apoties it to the A and 8 fieids of the contro! store 
butter. This allows the A and 8 fields to be loaded directly 
from the instruction register thus saving contro! store 
addresses and improving pertormanca for typical instruc: 
tion sets. 


A Block diagram of the register field selector is illustrated 
in figure 46. Field selection is controiled by three lsits of | 
the TS field C8TSa +(0-2). CMRIC= masks the most 
significant output dit (CBIO3 + or CBIO7 +) ta pernut tne 
selection of ether a 3- or 4-bdit field. The muitipiexor 
outputs are transferred through open-collector drivers by 
CSABE +. Table 44 Is the truth table for the muitigiexors. 


4.3.10 Control Store Buffer (Bits 32-63) 


The centrai contro! portion of the contrai store buffer holds 
the control fieids of tne jast microinstruction fetched from 
the control store. Input and output signals for the vamous 
fields are shown in the diock diagram of figure 4-7. The 32 
input bits are simuitaneousiy loaded into e:gnt 4-bit 
registers om (the negative transition of tne fuil clock 
KXC2 +. For a detailed description of the fieids in the 
control store word, refer to section 4.3. 


4.3.11 Control Field Decoder 


The contro! field decoder (figure 4-8) decodes the signais 
trom the T, S, and 1M fields of the control store oufter. A 
Block diagram of the contro! field decoder is illustrated in 
figure 4-8, and trutm tables are provided in tables 4-5, 4-6, 
and 47. 


THEORY OF OPERATION 


CBTSn+ (0,1,2) 


CBl07+ 
C2in* (3-10) CRS3+ OUTPUT 
DRIVERS pon 
CMRIO- 
CBABE~ 
CBIOS+ 
C2In+ (2-9) OUTPUT | 
DRIVERS | caioa» 
CBIOS+ 
C2In+ (1-8) OurTPuUT Se 
DRIVERS eaie 
CBIO4+ 
@{NP 
ce sel ee = OUTPUT 
PLEXER vot i a ee CBIO0+ 
VTE). (608A 


Figure 4-6. Register Field Setector Block Diagram 


' THEORY OF OPERATION 


YTI1- 1607 


vy rtl.1e08 


Table 4-4. Register Multiplexor Truth Table (IC Type SN74151) 
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Table 4-5. T-Field Decoder Truth Table 


OUTPUTS 
CTEQO+ CTEQI*+ | CTEQ2+ CTEQ3+ 


NOTE: L = LOW, H = HIGH 
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Table 4-6. S-Field Decoder Truth Table 


INPUTS OUTPUTS 
CBSI+ CBS)+ CSEQO+ CSEQI+ CSEQ2+ 
L L H L L 
L 4 L H L 
H L i L H 
H H L L L 
NOTE: L= LOW, H# HIGH 
vTTI- 1640 
Table 4-7. IM-Field Decoder Truth Table 
IM FIELD CODES OUTPUT SIGNALS 
(CBIMn, 0-3) (TRUE STATES) 
n SITS 3 2 1 0 
x xX L L CIMXX0- 
x x L bt CIMXX 1+ 
x x Ht L CIMXX2+ 
x 4 4 Hi CIMXX3+ 
L L x x CIMOXX+ 
L H x > 4 CIM 1 XX 
H L x x CIM2XX + 
Ht Hi x L CIM30- 
NOTE: L= LOW, H# HIGH, ANO X [S [IRRELEVANT 
VTII-1GIL A 


4.3.12 Memory, 1/0, and Clock Control 


Signals apolied to the memory contro section are: 
CRQM +, COVRM +, CASRT=, CECKM +, and CECKAMe 


The central control requests a memory operation by 
generating a high CRQOM +. CRQM + '5 Nigh except during 
ane of the failowing cond:tions: 


a. The central control overrides the memory request 
(CSEQO= and CIMOXX + are nigh). 


b. The IM fieid does nat contain 0100 when the §$ fied 
contains 00 (CIMXXO~* CIMIXX=, and CSEQO + 
are migh). 


The central controt can change its memory request by 
generating a Mign COVRM + (override signal). COVRM + 
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goes high when the S field does not contain 00 (CSEQO is 
high), and the two most-significant dits of the IM ‘ieid are 
Zero (CIMOXX ~ is Migh). 


In order for the centrai contro! to successtuily irimtiate a 
memory request, the abort signal CASRT= must remain 
nigh. The memory request is aborted (CASRT~ 15 low) it 
any of the following conditions occur: 


a. A system reset condition occurs (SRST + 13 higf). 


b. The S field contains binary 11 (CBSO +« and CBS1 + 


are high) and the conditional test is not met (COTCNO= 
is Pigty), 


The § field contains binary 10 (CSEQ2 + 1s Mig), the T 
field does nat contain 00 (CTEQO= is high), and. the 
conditional test 1s met (OTCNO + is nigh). 


CECKM +, and its complement CECKM=. enable clock 
signals which are generated in the memory control section 
and used in the central control. CECKM + is normally high 
but may be inhibited (low) during one of the following 
conditions: 


a. An 1/0 transter is requested (CROQIO + is high) but not 
acknowledged (IAKCi= is nigh). 


b. A wait for a memory acknowledgment occurs and no 
rnemory acknowledgment signal is received (MONC= is 
high). The wait for a memory acknowledgment occurs 
when CBIMO +», CSIM1 +, CSEQO +, and CIMOXX + 
are high. 


c. A wait for an 1/0 done condition. This oeeurs when 
GCIMXXZ + , CIMOXX +, CSEQO +, and IONC= are high. 


d. A systern reset condition occurs (SRST= is low). 


Signals applied to the I/O control saction are: CRQIO +, 
CIOJMK=, and CIOHLT +. 


The high CRQIO + is an 1/O transter request signal that is 
applied to the i/O contro! section when the IM fieid 
contains i110 or Lill and the § field contains 60 
(CSEQO + is nigh). CIOJMK + 13 a decoded jump-and-mark 
signal and CIDHLT + is a decoded Fait signal: tney are 
derived by signais from ime instruction decoder (CID00 +, 
GIOXXO », and CIOXX2 = ). 


CSAMCC + and CSAMOV~+ (and its compiement CSA- 
MOV) are aoplied to the status and test logic in the data 
leoo section. A Righ CSAMCO + enables a ciock signal 
OTKL= for the ALU flags BCNOZ +=, ODCNOC +, OSGN+. 
and DEQ+. CSAMOV+ gees high whenever an overtiow 
eandition i$ to be sampled by the overflow flag. A righ 
CPMAST + 1s generated to start a special mode of the PMA 
option. CPMAST + is high when the T field contains 00 
(CTEGO + is Migh). the S$ field eontains binary 10 
(CSEQ2 » 1 high). and bit O of the G field is true (CBGO + 
is high). 


4.3.13 Reset Logic 


The reset lagic contains a flio-flag that synenmronizes the 
reset signal (SRST-) trom the computer control panei. 
When the RESET switeh is pressed, the flip-flop output 
CRST= is low and is appiied to the interrupt logic to 
produce a high CADEQ!] +. The CADEQ!] + signal is routed 
back ta the reset logic to sat ail controi-store address bits 
to aries (low level). 


4.3.14 Interrupt Logic 


The interrupt logic recsives the following types of 
interruots: 


a. Control panei (NSTP~ ) 


b. 1/0 (IRQC- ) 
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¢ 1/O with memory protection installed (BINS ) 
d. Option beard (OINT= ) 


Eact of the above interrupt signals are masked with a bit 
from the TS field CSTSn + (0-3). The oecurrance of an 
interrupt signal and its associated mask bit enadie the 
interrupt logic to generate various contrai signais. - 


An interrupt from the control pane is initiated when the 
STEP/RUN switeh is placed in the step position. This 
appiies a low NSTF to the interrupt logic where it is 
synchronized with the full cloek KKC2+ and then gated 
with bit 3 of the TS field. 


When an 1/0 interrust is initiated, the 1/6 eantrol section 
applies a low IRQC- ta the interrupt logic. Any 1/0 
interrupt is accepted by the interruat logic when bit O of 
the TS field 1s set (CBTSO + is Migh). When TS-Fieid bit 1 is 
set (CBTS1 + is high) and bit 6 is reset (CBTSO + is low), 
interrupts are accepted oniy if the memory protectian 
option is installed. BINS- is low when this option is 
installed. 

When an interrupt from the option board is initiated, a low 
OINT= is applied to the interrupt logic where it is gated 
with bit 2 of the TS field. 


The signals generated by the interruot logic are: CINTS-. 
CEAIA=, CINTF +, CADEQI +. and CSOIM1 + 


CINTS= ts low when the interrupt flag CINTF + is Aigh, IM 
field contains Ollx (x 19 irrelevant best), and the § field 
cantains 00. The last two conditiens occur when CSIM1 =, 
CIM1XX +, and CSEQO + are high. 


CEALA@ is low when all the following conditions occur: 
a. An interrupt is acceoted. 


b. The S and T fields contain 00 and the G- field bit 2 1s sat 
(CSTOG2 + 15 high). 


¢. An interrupt flag has not bean selected, or it has been 
selected but not sat (CINTS= 15 mign). 


Interrupt flag CINTF + is set by the interruot service micro- 
routine, it indicates tnat an |/Q interruot has occurred and 
is in process. CINTF + is aiso used at the completion of 
an interrupt to determine the status of the instruction pipe- 
line. The interrupt flag flip-flop is set (CINTF + is Righ) 
when the S field contains 00 and the IM field contains 0711; 
It is reset when tne S fleid contains 00 and the IM fietd 
contains 01710. The clock for tne interrupt flag flip-flop is 
controiled by decoding the three most significant bits of 
the IM fieid, and is generated when the IM fieid contains 
O11x wrth the least significant bit irrelevant (x). The least 
significant bit of the IM feild is applied to the data input 
of the flip-flop. The Hio-flop is directly reset wnen the LB 
field contains Ox, the X fieid contains x1, and OSCON~ 
is hign. 
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A high CADEQ]1 + is applied to the address selector and 
reset logic to set the control store address bits to ones (low 
level). CADEQL + goes high when one of the following 
conditions occur: 


a. Areset signal is received from the control panel (CRST~ 
ts low). 


b. Acontrot pane interruot is received, Dit 3 of TS field is 
set (CSTS3 + is high), and CE AIA is low. 


4.3.15 Supervisor Control and Clocks 


The supervisor contro! cantains a flip-flop winch is set 
(CESK + ts high) when the S field contains 00 (CSEQO + is 
migh) and the IM field contains LOL] (CIM2XX +, 
CBIML +, and CSIMO+ are high). The flip-flop is reset 
when the § field contains 00 and the IM field contains 
1010 (CIM2XX # and CSiM1 + are high. and CBIMO + is 
low). 


The clocks circuit generates two clocks (KKC1+ and 
KKC2 +) from the tuil clack MCOFC-. 


4.3.16 Execution Control 


The execution contro! pertarms the following functions: 


a. Oecodes the execution type instruction (OO3XXX), and 
stores the decoded information during the instruction 
execution. 


b. Provides a signal ta the Temory protection. ogtion 
indicating that an execution type instruction has been 
Gecoded, * , 


c. Immibits 1/0 and controj-panel step interrupts until tne 
campletion of instruction execution. 


The CINMPC + flip-top is set (CINMPC » high) at tne 
complenon of instruction decoding (CACIOE + high) it tne 
instruction decoder outputs ClO00 + and CIOXX3 + are 
botn high. This flip-top is reset when the instruction being 
dacoced is not an execution type instruction. 


The CXECCM + flip-flop is set (CXECCM-= low) when the 
condition is met for a jump. jump and mark, of execution 
test (CS8T1 +, CBG3~, and OTCNO + are nigh). The low 
CXECCM-= enabies the CXEINH + flip-top ta be set 
(CXEINH= low) when the next instruction is decoded. 
This causes the CXECGCM~+ flip-flop to Be cleared 
(CXECCM= high). 


The CXEINH + flip-flop is reset during the next instruction 
decoding ime (CACIOE + high). 
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4.4 DATA LOOP CIRCUITS 


The circuits of the data loap are shown in the biock 
diagram of figure 4-9. Page numbers of the processor logic 
diagram are provided in parentheses for each circuit Diock. 


4.4.1 Control Store Buffer (Bits 0-31) © 


This portion of the control store Duffer Noids the first 31 
bits of the last microinstruction fetched from the control 
store. Bits O through 30 control data loop operations and 
bit 31 ts used in the central control. Input and output 
signais for the various fields are shown in the dlock 
diagram of figure 4-10. The 32 input Bits are loaded! inte 
the control store Oufter on the negative transition of the full 
clock KKC] +. The A and 8 fieids require enabling signals 
from the Duffer control circuit in the central contral section. 
A low CSAKE= enables the A fieid and a rign CAGIOl] 
enables (he 8 field. For a detailed deseription af the fieids 
wt (he control store word, refer ta section 4.8. 


4.4.2 Register Files A and 8 


Tha register files A and 8 comprise 16 generat purpose 16- 
lit registers that can be used in the emulation of an 
arbitrary instruction sat, as weil as providing operational 
registers and working storage for internai operatians, Each 
file consists of four 16-word by 4-dit random-access 
memories, Quring a read operation, eacn file can be 
independently addressed. This perrmts simultaneous ac- 
cess to the contents of two arbitrary registers thus 
eluninating the need fer a time consuming sequential 
access. Ouring a writing operation, the files are ideriticaily 
addressed so that dupiicate copies of the written data are 
available. 


A block diagram of tne register files are illustrated in figure 
4-11. Both register files receive tMeir input data OALN + 
(O+1S) from ine antmmetic and logic unit (ALU). The input 
data are loaded (written) into one of the 16 registers in 
files A and 8 with a low OWCN—. One register out of 16 
is selected with 4dit address codes OFAAN + (03) and 
OBSn—- (3) applied to each tile. These address codes and 
the corresponding registers are listed in table 4-8. Loaded 
data are availacie on the output lines of the register files. 
As anexamepie, itan address code of 0001 and alaw OWCN= 
are generated, the data on tne cutout lines of files A and 
8 are the contents of tne 3 register (or register Al for the 
expanded instruction sat). 


Data on the output lines of file A OFAn=(0-15) are 
transterred (read) to latch A with a law OENFAe. ata on 
the output lines of file 8 OF8m-(0-15) are transterred 
(read) to fatch 8 with a low DENFE}. In addition. the 
campiements of file A output bits O and 15 (OFAQ + and 
OFALS +) are applied to jatch A tor use in various shifting 
aperations. 
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Figure 4-9. Data Loop Block Diagram 
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CBAKE= 


CBin+ (Q-3) 


CABRIO le 


CBin+ (4=7) 


CBIn+ (8-10) 
CBin+ (11, 12) 
1 
CBII4+ 
Case 
CBI146> 
Chine (17, 18) 


CBIT 9» 


CBin+ (20-23) 


CBin+ (24=26) 


CBIn+ (27,28) 
CBIn+ (29, 30) 


CBI31 + 


SH 


KKCI+ | pp - 


vTht-16d2 
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Figure 4-10. Control Store Buffer (Bits 0-31) 
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DFAn= 0-15) 


OFAO+, OFAIS+ 


DF 8n= (Q~15) 


Figure 4-11. Register Fiies Block Diagram 


Table 4-8. Register File Address Codes 


Register 
(Expanded 
iNetructian 
Sat) 

RO 
At 
AZ 
R3 


Cantents are 
atways all Zeros 
INStructON register 
contents 

Contents are 
aiways atl 

zeros 


Ra 


AS 


R6 

R7 
Instruction register 
contents. 
a 
Canteants are aways 
ait zeros. 
Contents are 
always aii ones 
Used for temporary 
storage 
Used for temoarary 
storage 


Used tor temoorary 
storage 

Used for temoorary 
storage. 


4.4.3 File Control 


The file control provides register file B with 4-51 address 
eodes OBSn + (0-3) by inverting 8-fieid signals OFBAN + (0- 
3). During the writing phase (OFLC + is migh) of each 
microinstruction, file-3 addresses are switched to the same 
codes as the file-A addresses This ensures that identical 
data ig leaded into the same address of Both files when 
OWCN= goes low. 


A high DEKWCF +. apotied to the file contro!, produces a 
low OWCN= that enables data to be written into files A 
and 8. 


Ouring the latter portion of the processor cycie, high 
DFLC + amd OFLCC + signals are generated to prevent 
input data from being loaded into latches A and B. 


During muitiplication and division operations, CBIO4 + is 
controiied by OOQS— to produce address 1110 or 1111 for 
register file 8. Oepending on the state of the W-field bit 
(DW +), OOQS= is controlied esther by the ALU bit 15 or 
operand register bit 1. 
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4.4.4 Latch A Control 


Latch A control decodes LA field signals OGLAn +(0,1) and 
generates enabling signais for latch A and register file A. 
The following signals are applied to latch A: 


a. OGPR+ and OGPRA- load the contents of the 
program counter OPRn - (0-15) inte laten A. 


bp. OLAGL+ and OLAGLA+ load register file A data 
OFAn +(0-18) which are shifted ieft one bit position, 
into laten A. 


c OLAGR+« and OLAGRA + load register file A data, 
which are shifted right one Bit position, inta laten A. 


a. OLAGS + and OLAGSA + load unshitted register file A 
data into laten A. 


A low OENFA= is generated by latch A control to transfer 
register file A data to latch A. OENFé= goes low when the 
cantents of the program counter are not being transterred 
to laten A (OENF2 + low), and tne conditions specified by 
the LA, LB, and SH fields are met (OGLAl=-, OGLBI-. 
OLAGS + and OSHFTO+ are high). These conditions 
specify the output of latch A is zero, 


OFLCC +, trom the file control, goes nigh during the latter 
portion of the processor cycie to inmitit the deceding 
function of the latch A contral. 


DFLC- 

OGPRs, OGFRAm 

OLAGS*, OLAGSA> 

QLAGRe, OLAGRA} 

OLAGL*, OLAGLAs, ILAGLE© 
OPin= (0-15) 
OF ane 0-15) 


OSHFTa@ 0,1) 
OGLAG* 


OGRa- 0,15) 
OSMie SHIFTING 
OF Ane (0.15) 


AGA 
ini lab ENABLE OSEN= 
Gao SELECTOR 


OSHFTZ+ 


OF Alden ait-t3 
OF Ai S- SHIFT -LEFT 
ee SELECTOR 


vTtl-ibld 


MULTIPLEX OR 


OSLIN® 


4.4.5 Latch A 


Lateh A provides data selection and buffering for the A 
input of the ALU. The sources of latch A input data are the 
program counter OPRn +(0-15) and register file A OF An= 
(0-15). Laten A butters the output of the register file A from 
the ALU input during a file A write operation. A block 
diagram of the latch A circuits is illustrated in figure 4-12. 
The tallowing are the types of data that can be loaded into 
latch A atong with corresponding enabiing signais from 
laten A control: 


a. Contents of the program counter are loaded into laten A 
with a hight OGPR + and OGPRA +. 


Oo. Unshrfted data from register file A are loaded inte laten 
A with a high OLAGS + and OLAGSA +. : 


c. Register file A data shifted left one bit position are 
loaded into laten A with a migh OLAGL », OLAGLA +, 
and OLAGLS +. 


d. Register file A data sifted right one bit position are 
loaded into latch A with a Pigh DLAGR + and 
OLAGRA +. 

OFLC: + is a timing signal from the file contro! circuit. A low 
OFLC + enabies laten A to sample and seiect the 
agorcprate ingut data. Ouring the latter portion of the 
processor cycie, OFLC» goes high causing latch A to 


BITS QeIS 
SELECTOR Slane (Oo! 5) 


GATES 


OSMINe 


Figure 4-12, Latch A Slack Olagram 
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disregard further changes to its ather inputs as occurs 
when data are written into the register file. 


OSHIN= and OSLIN+ (figure 4-12) are additional inputs 
to the bit 0 and 15 selector gates. and are required for 
implementing shitting operations. OSHIN= is applied to the 
bit 0 and 18 selector gates and is generated by a 
muiltioiexor circuit (refer to tabie 4-9 for the muitipiexor 
truth table). DSLIN + is applied only to the bit 15 selector 
gate and is seiected from either OFAI4= or OFALS=. When 
OSHFT2 + is high, OFAIS= is connected to the OSLIN + 


line. Wher OSHFT2 + is low, OFAI4= is connected to the 


DSLIN + line, 


A low OSEN= is used to enable the shifting muiltipiexor. 
When OSHFT2 + is high, a ground signal is connected to 
the DSEN= line to enable the muitigiexor. When OSHFT2 + 
13 low, OSEN= is controlled by DLAGR +. 


4.4.6 Latch B Control 


Lateh 8B control decodes LS field signals (OGLSO0+ and 
DGLBi +) and generates enabling signals for laten 8, 
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register file 8, and 8 muitipliexor. The following signals are 
applied to laten B. 


2. OLBGi + and OLBGIA+ load the contents of the 
.  iNstruction register C2ln= (0-15) inte laten 8. 


b. OGLBl- and OLSGM + are produced from bit 1 of the 
LB field (OGLB1+) and are used to load the 15-bit 
control store literal into laten 8. The control store 
literal is the mask field of the control store butter 
(fields B, SH, X, W, V, SC. WR. C, and M). 


ec OL8GS + and OLEGSA + load data from either the 8 
multiplexer or the register file 8. 


A low DENFB transfers register file 8 data to lateh 8B. 
OENFE goes low when register file 8 is selected as the 
input for later 8. and remains high when other fateh B 
inputs are selected. OLBMX= and OLBMXAse are comple: 
ments of bit 0 of the LS fieid and are used ta enabie the B 
multiplexor. 


Table 4-9. Shifting Multiplexor Truth Table 


DGLAG+ OSHFTO+ GRO | 
DSHFT1+ DSEN= DFA15+ 


TIrrtTrrTIrtrT rr errs 
ZEUMTerer rer rz~arr8sce 
ZTrererwceerryrery4rt¢8r 
rrrrrrrrrrerrretr 


DORIS+ 
OPEN DF AQG+ 


DSM 1+ OF A15+ 
DORQO+ 


Tr rTHre ree ae ETIT.T 


NOTE: H= HIGH, L= LOW, ANO NO H OR L INDICATES IRRELEVANT INPUT 


YTTI-d603 
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4.4.7 Latch B 


Laten 8 provides data ssiection and buffering for the 8 
input of the ALU. The sources of latch 8 input data are: 
register file 8, & muitiplexor, instruction register, and 16 
bit control store literal. Latch & buffers the output of the 
register file 8 from the ALU input during a file writing 
Operation. The following are tnu types of data that can be 
lgaded into latch 8 aliang with corresponding enabling 
signais trom iatch 8 control: 


a. Register file 8 data OFBr= (0-15) or 8 muiltiolexar data 
OMXrr (0-15) are loaded into latch 8 with a high 
OLSGS+ and OLSGSA +. The data selection is 
deterrmned by latch 8 control (OENFE= or OLEMxX~ 
and OLSMXA- ), 


®. Contents of the instruction register C2!m= (0-15) are 
loaded into lateh 8 with a mignh OLSGi + and 
OLBGIA +. 


c. The 16-bit control store literal (fields 8, SH, X, W, V, SC 
WR. C. and M) is loaded into latch A with. a nigh 
OLSGM + and OGLSl-. 


OFLCC is a timing signai trom the file contro! cireuit. A low 
OFLCC enables lateh 8 to sarmpie and select the appropri. 
ate input data. Ouring the latter partion of the processor 
cycle. OFLCC + goes Migh causing laten 8 to disregard 
turtner changes to its other inguts. 


4.4.8 B-Multipiexor: 


When soecified by the \.5 field, the 8 muitiplexor provides 
input data to laten 8. As iilustrated in the bieck diagram at 
figure 4-13, the 8 multipiexor receives argnt data inputs (a 
througn fh), L8.-field enabling signals (OLEMX= and 
OLSMxXA= ), and 8-field data-selection signais OFBAn +(0- 
2) and OFSANA +(0-2}. The 8 multipiexor cutout data 
COMXn= (0-15) is applied to iaten 8. 


The eight data inputs and ther sources are listed as 
follows: 


a. Operand register QORn -» (0-15). 
0. Memory ingut late MIU + (0-1§). 
c. I/O register IORn +» (0-15). 

a 


. Status word consisting ot key register bits OCKn +(12- 
15), smutt-counter o:ts OSCn + (0-4), supervisor-key flag 
CESK +. and arithmetic flags (OCNOC +, OSGN +, 
DEQ +. DOVE +, and OCNOZ +). 


e. Right dyte of operand vegister DORN +(0-7) with the 
sign Bit OORO7A +» extended. The operand register 
right Dyte remains in (he right Byte position of the 8 
muitiplexor outout, and the sign bit 1s placed in ait dir 
positions of the left oyte. 


f. Left byte of aperand register OORn +(8-15) with the 
sign bit OORLSA » extended. The operand register left 


byte '$ Olaced in the right Byte position of the 8. 


muiltipiexor output. and the sign ot OORISA+ is 
placed in ail bit gositions of tne left Byte. 
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g Right byte of the operand register OORn + (0-7) without 
the sign bit extended. The operand register right byte is 
placed in the right byte position of the & muitipiexor 
output, and a zero (GRD) is placed in all bit positions 
of the lett byte (OMXOS through OMX15= are high). 


h. Right byte of the operand register CORN +(0-7) and 
zero data (GRO). The operand register right byte is 
placed in the left byte of the 8 muitipiexor output, 
and a zero (GRO) is placed in ail bit positions of the 
right byte (OMXO0= through OMX07= are high). 


Oata input selection is accornplished with bits O through 2 
af the & field. B-field codes and corresponding data inouts 
they saiect are listed in tabie 4-10. 


4.4.9 Arithmetic and Logie Unit 


The ALU pertorms logical or arithmetical operations on 
Gata from latcnes A and 8. The ALU output data 
OALN +(0-15) are directed to the following sections of the 
processor: 


a. The data muitipiexer in the mernory control for writing 
the ALU data into memory. 


b. The address muitipiezor in the memory control for 
applying the ALU data into the address laten. 


ce. The 1/0 muitipiexor in the 1/O data toap tor 
programmed and muitipiexor channe |/O operations 
througn the 1/0 register. 


d. The program counter to provide jump instruction 
addresses. 


e. Theshift counter for initiatizing the shift count. 


f. The operand register for general data lcop operations 
and these requiring double length shifts. 


_§. The register files A and 8 for updating the contents of 
the registers. 


nh. The key register for use- with memory mao operations. 


Figure 4-14 is a diock diagram of the ALU. The ALU 
performs logical operations when OMOOE + is igh and 
arithmetical operations when it is law. Ouring an arithmets- 
cal operation, a low carry-in signal (OCINS=) adds a |i to 
the ALU output. Internal carry generation and pragagation 
signals, O5Gn +(1-4) and OSPn +(1-4), are applied to the 
Carry generator to determine whether internal carry signals 
OCOn +(1-3) are to be generated. Function contrai signals 
(OFUNOS +, OFUNIS +, OFUN2+, OFUN3 +) comorise 
16 4-Oit codes that determine tne particular logical or 
arithmetical ALU operation. Table 4-11 lists the 16 logical 
and 16 arithmetical operations that can be pertermed by 
the ALU. 


When the ALU output Bits are ail ones a nigh OALEQ + 1s 
agctied ta the status and test logic. A low OCOUT= is 
agptied to the status and test logic when tne ALU generates 
a Carry. 
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DF BAn+ (0-2), DFBAnA (0-2) 


DORn+ (0-15) 
Miln+ (0-15) 


TORn~ (0-1 5} 


8 
MULTIPLEXOR 


STATUS WORD? 
——— DMXne (O-15) 


DORO7A*, DORn+ 0-7) 


DORISA+, OORn* (8215) 


OORA* (027), GRO 
DORn~ (O27), GRO 


DLBMX-, OLSMXA- 


*STATUS WORD CONSISTS OF KEY-REGISTER BITS (OC Kn+, 12-15), SHIFT-COQUNTER BITS (OSCr+, 0-4), 
SUPERVISOR-KEY FLAG (CESK+), ANO ARITHMETIC FLAGS (DCNOC=, OSGN#, DEQ+, DOVF=, ANO 
DCNOZ*), ; 


Tit. 
PEGS Figure 4-13. B-Muitiplezor Biock Diagram 


Table 4-10. B-Field Codes 


SELECTED 
DATA INPUT* 


OF BA2Z+ OFBAI+ DFBA0+ 
OF BAZA~+ DFBAIA+ DFBAQA+ 


NOTE: H# HIGH, L = LOW 


err teis *DATA INPUTS ARE DESIGNATED a THROUGH h AS IN FIGURE 4-13 
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| DALnt (0-3) jOntas (4-7) DLAnt (8-11) | DALn+ (12-15) 

DMODES . 

ee i re 2 Pee paLEas 
FUNo# (2,3 © saeasseeant St (ss mecsunce Se ee MAeeteseeat 2) Ys 

DLAnt (0-3) DLAnt (4-7) DLAnt (8-11) DLAnt (12-15) 

DLBnt (0-3) ' ALU DiBat (4-7) ' ALU DiBnt (8-itj ALU DLBat (32-15) . ALU DNCOUT- 

=! BITS 0-3 BITS 4-7 BITS 8-11 BITS 12-15 
DCINS- 


CARRY GENERATOR 
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Table 4-11. ALU Operations 


LOGICAL ARITHMETICAL OPERATIONS OMODE+ LOW 


OPERATIONS 
ene DCINS- HIGH DCINS- LOW 


FaAa Fe A PLUS 1 


DFUNIS+ 


F= AVB F = (AVB) PLUS 1 

Fe avi F = (AVB) PLUS 1 

F = MINUS 1 (2's COMPLEMENT) F = ZERO 

F=eAPLUSA ag F = A PLUS AAB PLUS 1 

F = (AVB) PLUS A F = (AVB) PLUS AAB PLUS | 
F= A MINUS 8 MINUS 1 FA MINUS 8 

F = AAB MINUS } Fe AAS 

Fe APLUSA F = A PLUS AAB PLUS |! 
FaAPLUSS | F = A PLUS 8 PLUS | 

F = (AV8) PLUS A F = (AV8) PLUS AAB PLUS | 
F = AAB MINUS 1} F = AAB 

F=APLUSA F=APLUSA PLUS! « 
F = (AVB) PLUS A F = (AVB) PLUS A PLUS | 

F = (AV6) PLUS A F = (AVB) PLUS A PLUS 1 


F2AMINUS | FuAa 


NOTES: 1. IN THE ABOVE TABLE, F REPRESENTS THE ALU QUTPUT (DALOO+ THROUGH DALI5+), AND 
A ANDO B REPRESENT THE ALU INPUTS (DLAQO+ THROUGH DLAIS+, AND DLBOO+ THROUGH 
DLBIS+) . 
2. THE SYMBOL V DESIGNATES THE INCLUSIVE OR OPERATION. 
3. THE SYMBOL ¥ DESIGNATES THE EXCLUSIVE QR OPERATION. 
4. THE SYMBOL A DESIGNATES THE ANO OPERATION, 
5. H= HIGH, L = LOW 
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4.4.10 ALU Control 


The ALU control contains two muitipiexor circuits which 
provide the ALU contral signals. One muitiplexcr is 
controlied by OGLS1+, the other by OSPF +. OGLE1 + is 
high when the LB field contains Dinary 10 or 11, indicating 
signals from the control store buffer are used for masking 
instead of controlling, A high OSPF + indicates a special 
ALU function used for the register transter and moditica- 
tion instructions that have codes beginning with 005. 
OSPF + goes high when the SH field contains binary 100 
through 111, and the LA and LB fields contain 00 or OL. 
The ALU control signals consist of the ALU mode control 
OMOOE+, ALW carry-in OCINS-, and ALU function 
controis OFUNQS + and OFUNSI +. 


OMOOE + is controtied by the M-fieid bit (OGMO +) in the 
non-masked condition (OGLB1 + low), and by bit | of the F 
fieia (OFUNIL +) in the masked condition (OGLE + hrgn). 
OCINS is controled by instruction register bits 6 and 7 
(C21060-+ and C2!1070.+) for the special ALW function 
(OSPF + high). Ouring the normal ALU funetion (OSPF + 
low) in the non-masked condition, OCINS= (carry input) is 
controlled by the C field a3 follows: 


a. When the C field contains 00 (OCRYO + and OCRY1 + 
low), OCINS= goes high indicating there is no carry 
input. 


b. When the C field contains 01 (OCRYO+ high and 
DCRY1 low), OCINS» gees low if OCNOC + (stored 
carry) 1s Migh and hign it OCNOC + ts law. This makes 
the carry in equal to the stored carry. 


c When theC fietd contains binary 10.(OCRYO + low and 
OCRY1 + migh), OCINS= goes low if OCNOC + is low 


Table 4-12, Register-Control 


R=FIELO INPUT SITS 


2. = = 
83 ¢ & 
6 2 8 
4 

A 
tL A 
a 
HO 
nn | 
x 
xe £#F 


NOTE: L=LOW, 4 #* HIGH 
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and high if OCNOC + is high. This makes the carry in 
equal to the complement of the stored carry. 


g. When the C field contains a binary 11 (OCRYO+ and 
OCRY1 + high), OCINS= gces low indicating a carry 
input ‘ 


OFUNOS+ and OFUNIS~+ are controiled by instruction- 
register bit 7 (C2IO7D= and C2!070 +) for the special ALU 
furiétions, and by F-field bits 0 and | for the normal ALU 
turiction. 


In addition to the ALU control signals, OEXWCF +, 
DEKS8 +, and OOVSMS + are also generated by the ALU 
soritrol. Im the non-masked condition, OEKWCF+ is 
soritrailed by the WR-fieid bit (OWCF +) and OEKSE + by 
the V-fieid bit (OV +). OEKWCF + is sent to tne file contrat 
for writing data inta files A and 8, and OEKS8 + to the 
smift control to enable the setting of the dividing-sign ftip- 
flop (OSB +). OOVSMS + is an enabling signal for setting 
the overtiow flip-flop in the status and test logic. This signal 
1$ controlled by instruction-register dit 6 (C2Z2/060 +) for the 
special ALU function, and by CSAMOV + for the normal 
ALI function. 


4.4.11 Register Control 


A decoder circuit in the register control decodes the three 
R-fieid ots OGRCn +(0-2) to produce seven controi signals 
that control various operations for tne shift caunter, 
program counter, operand register, and key register. Tadie 
412 13 a tryth table showing the states of the seven control 


- signais for each R-field code. Control signais CRC, 


ORC4=, and ORC7= are used in the register control to 
produce O3FIC7= and OR47 +. When the & field cantains 
Oll or 111, a low O3RC7= loads the operand register. 


Decoder Truth Table 


DECOOED OUTPUTS 


When the R field contains 100 or 111, a high OR47 + 
increments the program counter at haif-ciock time. The R 
field specifies the following operations: 


a. R-fieid containing 000 causes no operation. 

b. R-field containing 00! loads the program counter. 
c. R-field containing 010 loads the shift counter. 

d. R-fieid containing 011 loads the operand register. 

e. R-field containing 100 increments the shift counter. 
t. R-tieid containing 101 loads the key register. 


g R-heid containing 110 inerements the program 
counter. 


h. R-fieid containing 111 loads the operand register and 
increments the program counter. 


A byteaddress flip-fleo (DBAO +) stores fileA bit 0 
(OFAQO~ ) at halt-ciock time (MCOHC +) to prevent losing 
the bit dunng shifting operations (DGLAL » Argh). 


- The processor ciock KKCZ2 + is repowered to provide clocks 
for the operand register and smift counter. These ciocks are 
OKOR= and OKSCR= Clock MCOFC~ is aise recowered to 
produce the data loop clock OMFC + The data-loop clock Is 
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aise used te generate the program-counter clock OKPR-. 
The program-counter clock can occur at erther full-clock 
time (MCOFC-) to lead the program counter or at haif- 
clock time to increment the program counter. 


° 


4.4.12 Shift Control 


The shift control contains two muitipiexers that select the 
data to be shifted into the end bits of the operand register 
during shitting operations. Both muitipiexors are controiled 
By the X fieid. The shitt-left muitipiexor selects data 
(DSLO0 +) for bit 0 of the operand register from bit 15 of 
the ALU. file A, or operand register. The shift-right 
multipniexor selects data (DSR1S+) for bit 15 af the 
operand register from bits 0 or 15 of the operand register, 
bit O of file A, or the divide sign bit (stored fileA Dit 15, 
OSS +). Tables 4-13 and 4-14 are truth tadies for the shift: 


left ang shift-right multipiexors. 


4.4.13 Operand Cantroi 


The operand contro! setects the operating mode of tne 
operand register based on the SC and W fields. The four 
operating modes consist of: hold (no activity), shift left, 
shutt right. and laad in ALU data. Tadie 4-15 lists the 
operating modes resulting from the various states of output 
signais OOSO + and DOS) +. 


Table 4-13. Shift-Left Multiplexors Truth Table 


CONTROL 


NOTE: L2lLOW, H2= HIGH, ANDO X = [RRELEVANT 
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e) 


(a) 
Z 
=) 
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& 
e) 
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Table 4-14. Shift-Right Multiplexors Truth Table 


CONTROL INPUT DATA 


DOROO+ 
DFAOOD+ 
DORI5+ 


x -« j%K WM KM 


x %« %W«K« x 
« 


NOTE: b= LOW, H = HIGH, ANDO X = [IRRELEVANT 
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Table 4-15. Operand Register Modes 


OUTPUTS 
OW+  OGLBI- OSCON+ DOSO+ DOSI+ 
x x 
x L L L HOLD 
H H L H SHIFT LEFT 
H H . H L SHIFT RIGHT 
x x H H LOAD IN ALU DATA 


NOTE: L2LlOW, H2HIGH, ANO X = [RRELEVANT 
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4.4.14 Operand Register 


The 16-bit operand register has lead and snitt capabilities 
to enable double length shifts in conjunction with snifting 
modes of latch A. The register can be loaded with data 
fram the ALU, and its output DORn+(0-15) can be 
selected By the B multiplexer as an ALU input. The four 
operating modes of the operand register are given in the 
preceding section. 


The operand register consists of four 4-dit shift registers. 
Loading and shitting operations oesur on the positive-going 
transition of clock OKOR- (uniess DOS0+ and 0OS1 + 
are both low). 


4.4.15 Key Register 


The 4bit key register ts loaded from the four most 
significant oits of the ALU output under contrai of the R 
fieid (ORC&= ). The register is used with a memory map to 
designate which one of 16 memory protection partitions is 
active for processor-initiated memory operations. 

¢ 
In addition te the logical high and low states, the key- 
register sutpus OCKn » (12-18) has an open-circuit state: 
Ths allows the output lines to be directly connected to 
outputs of the I/O key register in the memory control 
section. The key register output is in the open-circuit state 
wien an i/Q request occurs (IRQM + high) or when the 
supervisor contro! flig-fop is set (CESK + hign). The key 
register 1s loaded at tull-clock time with the positive going 
transition of clock OKSCRe. , 


4.4.16 Program Counter 


The 16-bit prograrn counter pertorms loading and counting 
functions to permit address generation of the next 
instruction to be fetched. Contents of tne counter 
DPRn + (0-15) can be selected as an address source by the 
address muitiotexor for memory control or by laten A for 
the ALU input. 


The counter can be loaded frorn the ALU or incremented 
under controt of the R fied (DRCl=- and OR47 +). When 
ORCI= 15 low, the positive-going transition of clock OKPR~ 
loads in ALU data at full clock time. When OR47 » 1s high, 
the positive-going transition of clock OKFR~ increments 
the counter contents at Nalf-ciock time, 


4.4.17 Shift Counter 


The smft counter. under control of the R field. pertorms 
loading and counting functions used for siufting, muitipir- 
cation, and division. When tne desired shift count is 
reached, a high carry signai OCTZ + is applied to the 
status and test logic. The five output bits (SCn + (0-4) are 
agolied to the 8 multipiexor as part of the status word. 


When DRC2- is low, ALU data DALn +(0-7) consisting of 
the two's complement of the required snift count is loaded 
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into the shift counter on the positive-going transition of 
clock OKSCR~. At full-cioek time whenever ORCS + is high, 
the counter is incremented by one until a carry is 
generated from the eighth most significant bit. This causes 
, tne counter to be reset and the carry signai OCTZ + to go 
high. The counter is also reset when KCINMP + goes low. 


4.4.18 Status and Test Logic 


The status and test logic stores the results of certain 
operations under control of the contro! store butter. Five 
Status signais for the 8 muitipliexor and one for latch A are 
generated by the status and test logic: 


a The multiplication sign flag OSM1 + can be applied to 
lateh A. Ouring multipiication, OSM1 + goes high when 
the product is negative. 


b. DCNOZ + goes high when the ALU output is zero. This 
eandition is sampled by OTKL=. 


ce OCNOC + goes high when the ALU generates a carry. 
This condition is sampied by OTKL~. 


d. OSGN + goes high when the ALU output is negative. 
This condition 1s samptied by OTKL=. 


@ DEQ + goes high when the ALU output bits are ail ones. 
This condition is sampled by OTKL- 


f. DOVF » goes high when the overtiow flip-flop is sat. 


The status and test logic aiso agplies a test-result signal 
OTCNO + to the central control to determine the contro! 
store address during tne processing of conditional instruc. 
tians. OTCND + goes nigh when the selected test condition 
i$ Pret and low when it is Aot met When selected Sy tne 
G-heid signals C8Gn + (0-3), the following can be tested: 


a. Overflow. When this condition occurs. the overflow fiip- 
flap is set (DOVF + igh). 


b. 1/0 sense response. When this condition occurs. a high 
ISRO + is applied to the status and test logic. 


c. Sense switcnes 1, 2, and 3. When these switches are 
set, low NSSm=(1-3) signals cause the corresponding 
C8SSn +(1-3) signais to go high in the status and 
test logie. 


d. Jump, Jump-and Mark. and Execution tests. When a 
condition is met for one of these instructions, a high 
OFTT + is generated in the status and test logic. 


e. Equal ALU inguts. When the data inputs to the ALU are 
equal, a high OALEQ + causes DEQ + to go high in the 
Status and test logic. 


f. Sign of ALU output. A hign OALISA + produces a high 
OSGN + in the status and test logic indicating a 
Negative sign. A low DALI5SA+ produces a iow 
OSGN + indicating a positive sign. 

continued 
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g ALU carry. When the ALU generates a carry, a low 4.5 MEMORY CONTROL CIRCUITS 
DCOUT= produces a low OCNOC= in the status and 
test logic. ‘ nae ; 
The circuits of the memory control are shown in the block 
h. ALU output is zere. When the cutput of the ALU equals diagram of figura 415. Page numbers of the processor lagic 
zera, alow OZTS= and a high DCNOZ + are generated diagram are provided in parenthesis for each circuit block. 


in the status and test logic 


i. OSB flag. When bit 15 of register file A is a one, a high 
OSS + is sent to the status and test logic. A low OSB + 4.5.1 Address Multiplexor 
indicates bit 15 of register file A :s a zero. 


j. Sign of memery inout lateh. A high MIL1S + indicates The 4-input 16-bit address multipiexor seiects a memory 
the data from the memory input latch has a negative address from one of the following sources: 
sign. A low MILLS + indicates a positive sign. 


k. Shift-counter overtiow. When this condition ‘occurs, a a. 1/Q register, JORn + (0-15) 
righ OCTZ + is applied to the status and test logic 
indicating the snift counter :s reset to Zero, Db. ALU, OALn + (0-15) 

tl. Qutput sign of A register (gereral-purpose register 0). ¢ Program counter, OPRn + (0-15) 

The status and test logic generates a mign OASGN + for 
a negative sign and a low (XASGN + for a positive d. Input lateh, Mit + (0-15) 
sign. : 

m. Normalized shit completed. When a normalized shift is Addruss selection is controlled by MASLO + and MASLI + 
complete, the status and test logic generates a high trom control logic 1. The address muitipiexor applies the 
ONZT +. This occurs when the ALU output bits 14 selected address MAMn +(0-15) to the address latch. Table 
and 1§ Rave coposite states. 4-16 is a truth table for the address muitipiexor. 


4 


Table 4-16. Address Multiplexor Truth Table 


CONTROL INPUT DATA OQuUTPUT 
¢ 8 g 8 . 
3 2 ¢ 2 = 
| 2 : @ 3 3 
oi Q a a = 3 
L x xX Xx L 
H x x X 
X L xX x 
x fa} Xx 
x x L 
x x + 
4 xX Xx 
x xX Xx 


NOTE: L 2 LOW, H= HIGH, ANO X = [RRELEVANT 
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4.5.2 Address Latch 


The 16-bit address lateh stores the selected memory 
address during the memory cycie. A low sample clock 
MRQSCA= fram the priority logic loads the selected 
address into the latch where it is inverted and applied to 
the address drivers. 


4.5.3 Address Drivers 


The open-collector address drivers interface the address 
latch to tne memory address bus. A righ enabling signal 
MABE ~ from the control sequencer gates the latch output 
MLLne= (0-15) through the drivers where it is inverted and 
agolied to the address bus as MYAn +(0-14) (address Sit 
1§ 1s not used on the address Sus uniess a writable control 
store is present). 


4.5.4 Address Comparator 


The address comparator prevents erroneous operation in 
the event a store type instruction is baimg currently 
processed and its effective address contains the next 
instruction to be fetched (the preacessor fetches the next 
iristruction before the current instruction is completed). 
Adaresses from the program counter OPRn +(0-15) and 
the address drivers MYAn (0-15) are cormpared by (the 
comparator. When the addresses are equal, a high MPLE + 
signal is sent to control logic 1 sa that the instruction 
already fetched into the instruction butter can be updated 
during the store instruction's execution. 


4.5.5 Data Multiplexor 


The 16-bit data muitipiexor selects memory write data from 
either the ALU or [/O muitipiexor for OMA operation. Data 
Saiection is controlled by 1/0 request signal MIRB + from 
the priority logic. A hrigit MIFIG + selects 1/O data 
IOMn +(0-15); a low MIRE * selects ALU data OAL +(0- 
15). 


4.5.6 Data Drivers 


The open-coilector data drivers interface the data multi: 
plexor to the Oidirectionai mernory data dus. A high 
anabling signai MOGE + from contral logic | gates the data 
muitipiexor output MOMn +(0-15) through the drivers 
where it iS inverted and applied ta the memory data dus as 
MYOn = (0-15). 


4.5.7 1/0 Latch 


Oata from the memory data bus is loaded into the 16-bit 
1/Q laten with a low MMIOL= fram controi logic 1. The 1/0 
laten inverts the data and applies it to the 1/0 multipiexor 
in tne 1/0 data loop section. 
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4.5.8 Input Latch 


Data from the memory data bus is loaded into the 16-it 
input laten with a low MMIL= from contro! logic 1. The 
input latch inverts the data and applies it to the address 
multipiexor and the 8 muitipiexor in the data leop sectiori. 


4.5.9 Instruction Buffer 


Data trom the memory data bus is loaded into the 16-d:t 
instruction buflfer with a low MM from cantral | logic. 
The instruction butter inverts the data and applies it to tne 
central control section as Milin +(0-18). This data is 
applied ta the instruction decoder and instruction decoding 


logie for preliminary decoding, and to the instruction 
register for detailed decoding. 


4.5.10 Writing Drivers 


The writing drivers apply ‘eft. and right-oyte controls 
MWLY + and MWRY + to the memory. When a fuil word is 
written into memory, MIMC] + 1s high and MIMCO +» is low 
resuiting in mgh MWLY » and MWRY + signais. When a 
byte is written inte memory, MIMCO+ is high and the 
stared-oyte address OBAO + determines whieh byte control 
1g Pigh. A high MCAS + enables the byte controls when the 
processor Mas priority, and a migh MIRG + enabies them 
when the 1/0 controt_has prronty. IWLMC= and IWRMC- 
provide left: and right-dbyte intermation from the 1/0 
coritrol. A mign MIOW indicates 1/0 data is written into 
memory. 


Wher the processor has priority and the S field equals 0 
(MCRIP + and CSEQO + are nigh), MCOTC= goes low on 
the positive going transition of clock MRQSC~ indicating 
trata special data transter from the ALU to the instruction 
buffer is taking piace. 


4.5.11 Key Logic 


The key logic provides key bus data MYKn +(16-19' for 
memory magoing, and repowered clock and reset signals. 
The key bus data comes from esther an !/O key registar in 
the key logic or from the key register in the data loop. 
When CIMXX0= and CIM2SO= are low ALU data bits 12 
througn 15 are loaded into the !/O key register on the 
positive- going transition of clock OKSCR~. The key register 
cutout is enatied with an 1/0 request (IRQM= low). Key- 
Sus data (1/0 or processor) are gated onto tne key bus with 
a hign MABE +. 


4.5.12 Clock Generator 


The clock generator grovides clock signais (figure 4-16) for 
all sections of the processor, except |/O controi, and for 
Options on the option soard. A crystal oscillator circuit 
produces the symmetrical squarewave MOCLK * (24.2424 
Miz). This 41.28-namoesecond period clock is sent to the 


option beard and is aiso used to clock flip-flops that 
produce the phase A and 8 clocks MCPA+ and MCPS +. 
The phase clocks have a 165-nanosecond period represent- 
ing the basic processor control state in which a single 
microinstruction is processed. Full and half clocks MFC- 
and MHC- are produced by decoding MCPA+ and 
MCPS +. The periods of MFC- and MrC- may vary in 41 
nanosecond increments depending on when the memory 
acknowledgment signal YONM + is agglied ta the control 
sequencer. During indirect addressing and OMA opera- 


— /— 41 nsec 
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tions, the periods are increased an additional 41 nanosec-. 
onds (ome MOCLK + cycle) by a delay flip-flop in the clock 
generator. 


The crystal oscillator circuit can be disconnected (by re- 
maving 4 jumper on the processor card) and repiaced with 
an external signal (TCLXC-) connected to J2-43 of the 
processor board. This external signai is normally supplied 
by the writable contro! store option. 


moet LOLOL OLOLOL ALLL 


165 nsee —| 


a | NI gc (ROI parce FEN i Ee 
a CO ag ca I a 
am A cam ea cece NY aes 
ee ee ee 
ee 
ee ee 
Cs ph a 
ee ac eee care a iat! eee oe 
SO ee 


*PULSE WIDTH DEPENDS ON WHEN YDNM+ GOES LOW 


**PERIOD MAY VARY IN 41 NANOSECOND INCREMENTS DEPENDING ON RELATIONSHIP OF YONM+ 
GOING LOW AND PHASE CLOCKS MCPA+ AND MCP8+, DURING INDIRECT ADORESSING ANO OMA 
OPERATIONS, THE PERIOD [S INCREASED AN AODITIONAL 41.25 NANOSECONDS 
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Figure 4-16. Ciock and Sequencer Waveforms 
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4.5.13 Control Sequencer 


The control sequencer generates sequencing signals when 
a memory request is received fram the processor or 1/0. A 
low MCR (processor request) or MiRAe (1/0 request) 
fron the priority logic produces a high MABE + that gates 
the memory address onto the address bus. This occurs at 
the beginning of the sequencer csycie so that the address 
has time to stabilize. 


A three flip-flop counter clocked by MQC- and MOC + 
generates the three sequencing signats MRS1-, MRS2-, 
and MRS3- (figure 4-16). The suisea width of MASI~ is 
always 124 nanoseconds: however, MASt- and MASZ< 
pulse widths depend on when the memory acknowledgment 
signal is received (YONM + goes low). 


4.5.14 Priority Logic 


The priority logie receives requests for memory operations 


fram the PMA (on option doard), !/O contral and central - 


control. PMA has the higmest priority and central control 
has the lowest. 


When the PMA requests a memory aperation, a low 
ORQM= is applied to the priority logic, This inhibits the 
sarnpling of requests fram 1/0 cantrai and central control, 
and causes MAKQ + to go high indicating the PMA has 
priortty. 


An 1/Q control request indicates a OMA operation is to be 
- performed and applies a high IRQM + to tne prority logic 
A high IRQM + intibits the sampling of central control 
requests and, if there is no PMA request, causes MIRE + to 
go Nigh indicating the 1/0 contro has priority. 


A cantral control request indicates that the processor is 
requesting a memory operation. When a central control 


request cecurs, hign CRQOM + and CABRT= signais are - 


applied to the priority logic. If there are no requests fram 
the PMA or 1/0 contrai, MCRE + goes high indicating the 
central controt has priortty. ‘ 


4.5.15 Control Logie 1 


The control logic | produces various contro! and enabling 
signals. 


Signals MASL1 + and MASLO+ are sent to the address 
muiltipiexor to control the address selection. The states of 
these signals are determined by the |/O cantroi request 
IRQM= for 1/Q memory requests or dy dits 2 and 3 of the 
IM fieid for processor memory requests. 


Low MMIL~-, MMIOL=, anc MMI signals load data into 
the input laten, !/O laten, and instruction Ouffer, respec- 
tively. Im addition to otter requirements, one of the 
tatlowing two conditions is required defore the three 
loading signais can go low: the memary acknowledgment 


signat YONM + is low, of a special data transfer occurs ° 


from tMe ALU to tme instruction buffer and input latch 
(MHCA », MRS3=. and MROQ= high). 
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MMIL~ goes low when the processor has priority (MCR + 
and MRSl- high) and an input-lateh loading operation is 
specified (MIMCI= high). MMIOL= goes low when the 1/0 
contrat has priority (MIRB+ and MRSIl= high), MMI 
goes low when |IM-field bits 0 and 1 are both zero (MIMCl< 
and MIMCO» high) and the processor has priority 
(MCRB + and MRS1= high). Another condition that causes 
MMI to go low is when the contents of the program 
counter and the memory address are equal, and MIMC1 + 
is high. 


A law MONC= is applied to clock control circuits in the 
cantral control to inmibit processor clocks until a memory 
acknowledgment is received if a wait for memory done is 
specified. MONC= goes nigh to disable the clocks wnen the 
processor has priority (MCRB + high) and the cantrol 
sequencer 's in state 2 (MRS2 + Argh). 


A high MOBE + is agolied to the data drivers to transter 
data onto the memory data dbus. MOBE + goes ign when 
one of the following conditions occur: 


a. 1/Q esntroi has priority (MIRS + Mgh) and an 1/0 
writing operation 1s specitied (MIOW » Argh). 

b. Processor has priority (MCRS +» high), and a processor 
writing operation is specified (MIMCl= low) or the 
special data transter from the ALU to the instruction 
buffer is specified (MCOTC= law). 


4.5.16 Control Logic | 2 


The contrat logic 2 stores IM-field data and generates 
processer clocks. Twa flip-flogos (MIMCO and MIMC1) store 
the contents of tne IM-fieid bits O and | when the 
processor is requesting a memory operation (COVRM + 
and CASRT= are high for a memory request. of MRS] + 
and MRS3 + are low for an override condition). The flig-flip 
outputs are used by the writing drivers and control logic 1 
circuits. 


Full and naif clock signals (MCOFC! and MCOHC +) for 
the processor are produced by decoding aporoorrate states 
of pmase A and @ clock (MCPA and MCPB), and are 
inmibited if one af the foliowing conditions occur: 


a. The processor has priority but the memory is dusy 
(MCAP + and MAS2~+ are high), 


b. The processor is denied memory access because of a 
higher priority request (MCRP=, CRQM+, and 
CABRT= are nigh). 


e, Central cantrol generates a low clock-disabling signal 
(CECKM= low). 


After one of the above disabling conditions occur, a delay 
flip-top allows an additional MCOHC + guise to be 
generated (figure 4-17), 


4.6 1/0 DATA LOOP 


The circuits of the 1/O data loop are shown in the block 
diagram of figure 418. Page numbers of the processor logic 
diagram are provided in parentheses for each circuit Block. 
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Figure 4-18. 1/Q Data Loop Block Diagram 
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4.6.1 1/0 Multipiexor 


The 1/0 multiplexer, which consists of eight dual 4-to-l 
multiplexer circuits (figura 4-19), selects data for the 1/0 
register and for the data muitiplexor in memory control. 
The data is selected from the following sources: 


a. !/Qlaten, MIOLa + (0-15) 
b. ALY, OALn + (0-15) 


Gc 1/O recevers, EBn + (0-15) 


E8n~ (0,2,4,6,8,10,12, 14) 


Oata from the |/O receivers are applied to the 1/0 
muitiplexer in normal and byte-shufted forms, tMat is, each 
of the multipiexor output bits can de selected from 
corresponding bits in either byte of the |/O data. For 
example, muitipiexor output bit 0 can be selected fram 1/Q 
data bits 0 or 8, the output bit | fram bits | or 9, ete. 


Selection of input data to °"# muitiplexor is controlled by 
1/C) contro! signats ICOO0 + and ICOl +. Table 417 is a 
truth table for the 1/O multipiexor. 


EBn+ (8,10,12,14,0,2,4,6) (12) | EIGHT 
el (9) [OMn* (0,2,4,4,8, 10, 12, 14) 
MULTIPLEXORS be ee ee ee 


MIOUn* (0,2,4,6,8, 10,12, 14) 


DALn= (0,2,4,6,8, 10, 12,14) 


1CDO0+ (14) 


IcDl+ (2) 


DALn~ (1,3,5,7,9,11,13,15) 


MIOLn* (1,3,5,7,9, 11,13, 15) (5) | EIGHT 
Se, ae 7) l[OMn+ (1,3,5,7,9,11, 13,15) 
MALT EPL EX ORS et 


EBn~ (9,11,13,15,1,3,5,7) (4) 


Ean~ (1,3,5,7,9,11,13,15) 


NOTE: [C PIN NUMBERS ARE IN PARENTHESES 
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Figure 4-19. 1/0 Muitipiezor Block Oiagram 
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Table 4-17. 70 Multiplexor Truth Table 
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4.6.2 1/0 Register 


The 16-61% 1/0 register stores data from the 1/9 muitipiexor 
and apoiies i¢ to the 1/0 drivers. ta the 8 muitipiexar in the 
data loop. and ta the address multipiexor im memory 
control. Data is clocked into the register on the pasitive- 
gong transition of full clock MFCAe of at MHCA+ when 
the 1/Q requests a memory cycle (IRQM » Aign) The 1/O 
register can operate in four modes that are selected by 1/0 
control signals ICO2 + and ICO3 +. A hold made inmoits 
the effect of the clock so that the register outputs are 
unchanged. On a single clock transition. dyte-transter 
modes transter the left byte to tMe right byte position and 
the right dyte to the left byte position (see figure 4-20) A 
loading mode loads data selected by the 1/Q multiplexor 
into the register Table 418 lists the operating modes 
resulting from the various states of ICO2 + and ICO3 +. 


Table 4-18. 1/0 Register Modes 


ICD2 + 1CD3 + Mode 
L L Haid 
L Ha] Left Byte ta Right Byte 
H tL Rignt Byte to Left Byte 
a a] Load in muiltipiexor data 


4.6.3 |/O Drivers and Receivers 


- Data is transterred to and from the bidirectional |/O data 
bus with |/O drivers and recetvers. These drivers and 
receivers 3150 invert the data. 


When enadied with a mgh ICD4A + signal from the 1/0 
controt, the |/Q drivers transfer data from tne 1/0 register 
to the 1/Q data bus. 


The !/Q receivers apply |/O Sus data to the 1/0 multipiexor 


4.7 1/0 CONTROL 


This section consists of circuit descriotions followed by the ; 
various |1/O operations. The |1/O circuits are grouped as 
foilows: 


a. Microinstruction Sequencing 

vw. Oecading and Sequencing Controt 

c. Interrupt and OMA Control 

d. 1/Q Oata-Loop Controt 

@. Procassor-i/O Control 

f. Orwers, Receivers, and Miscellaneous Control 
The |/O operations consist of: 

a, Programmed |/O 

6. lmterrupt 

c. Normat OMA 

d. High-Speed OMA 


The |/O Control circuits are located on the option doard 
(44,P0619). Logic diagrams for these circurts are on sheets 
3.0 through 3.11 of drawing 9180401 (provided in the 
System Maintenance Manuai). Page numbers of the option 
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veard logic diagrams are provided in parentheses in the 
block diagrams tnat follow. For a description of tne external 
1/Q intertace signais, reter to the Input/Output section of 
the applicable system Randcdciok. 


4.7.1 Microinstruction Sequencing 


All |\/O operations are performed through a sequence of 
micrainstructions. Implementation of these sequences is 
accomplished with tNe addres selector, address counter, 
1/Q control store, and Suffer. Figure 4-21 snows how (nese 
Circuits are related to each stner. A description of each 
circuit 1s provided in the fallawing sudsections. 


4.7.1.1 Address Selector 

Under contro! of the control logic, the address selector 
selects an |/O controlestore address to initiate an t/O 
operaton. The address is seiacted trom either cantrai con- 
trol or the trap-address generator (for OMA operations). 
A low IIOLE- enabdies the addrass selector. The acidress 
selector selects an address from cantrai control wnen 
IMXAQ + is nign and from tne trap-adcress generator wnen 
IMXAO + is low. The selected 8-bit address is agpiled to 
the address counter. 


4.7.1.2 Address Counter 
The address counter provides saquential addressas tor the 


1/O contro! store. An 1/0 operation begins when the se- 
lected address (from the address selector) is ioaded into 
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RIGHT BYTE 


RIGHT BYTE 


Figure 4-20. Byte-Transter Modes of 1/0 Register 


the address counter with the positive-going transition of 
IPFC-(wner iLOAQ~is iow). The countar is tnen incremented 
with each positive-going transition of IFC- (when IINFIC= 
is high) to provide tne sequential addresses for an entire 
1/0 operation. The next to last microinstruction of any 1/0 
operation produces a low IEIOLE- to prevent further incre- 
menting of the address counter. 


4.7.1.3 1/0 Control Store 


The !/O contro store is a 256-word by 16-ait Nign-soeed 
ROM (figure 4-22). It contains the microimstructions (nat 
control timing and sequencing tor all !/O operations. When 
an address |RAn + (0-7) is recaived, the |/O control store 
acolies the addressed data [ROn(0-15) to tne dufter. The 
1/Q control store can be disabled with alow XiIOCE=- when 
an external !/O contri store is used. For a list of tne Sinary 
codes contained at each address of the !/O controt store, 
retar to documents 49A0195-000 and 49A0195-001 in ine 
System Maintenance Manuai. 


4.7.1.4 Butter 


The butter consists of a 16-dit register that permits overtap- 
ping of microinstruction executions and access of the next 
microinstruction. Its outputs control ail 1/O operations and 
enable new |/O tasks when tne current operation 13 com- 
pleted. The format for tne |/O control-store word is defined 
in figure 423. The Suffer output states and coritrol store 
adcresse3 for the various |/O doerations are listed in tapies 
4-19 through 4-26. 
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Figure 4°22. 1/0 Control Store and Buffer Block Diagram 
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Figure 4-23. 1/0 CantrolStore Word Format 
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Table 4-20. Programmed !/0, Input-Data Transfer 
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Table 4-19. Programmed !/0 for SEN, EXC, and EXC2 Instructions 
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Table 4-21. Programmed !/0, Output-Data Transfer 
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Table 4-22. DMA, Trap-Qut Operation 
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Table 4-23. DMA, Trap-in Operation 
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Table 4-24. High-Speed DMA, Trap-Out Operation 
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Table 4-25. High-Speed DMA, Trap-In Operation 
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Table 4-26. 1/0 Interrupt Operation 
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4.7.2 Decoding and Sequencing Control 


The decoding and sequencing control (figure 4-24) decodes 
the 1/0 function field of the !/O control-store word. and 
supplies control signals to the microinstruction-sequencing 
cireuits and to several other 1/0 controt circuits. 


4.7.2.1 Address-Counter Loading Control 


Ths cirewit provides the loading signal (ILOAO-) for the 
address counter. ILOAO- is active (low) when the buffer 
specifies an idle condition (IEIOLE + nigt) or a waiting 
Condition is specified and a new address is to Se loaded 
(IEWAIT » and !Oi + high). Loading of the address counter 
occurs when ILDAD~ is low and the 1/0 cieck (IFC) is 
not inntidited by the clock inmditor signal (INHG-). 


4.7.2.2 Address Selector Control 


This circuit provides the selector signal (IMXAO ~ ) for the 
address seiector aireuit. When IMXAQD + is low, a trap 
address is selected (for normai or high-speed OMA). 
IMXAD + goes low during a trap sampling time if an external 
device (usually a buffered interlace Coritroiler) requests a 
OMA operation. Trap sampling for a normal OMA operation 
occurs when IESMP + is hign, and for high-speed OMA 
operatons when iEIOLE + and ICD are nigh. At all other 
timnes, tha setector signal IMXAQO + is high and a central 
Comrot address is selected. 


4.7.2.3 Clock Inhibitor 


This circuit provides a clock intubditer signal (IINHC-—) that 
intuoits loading of the address counter and buffer. IINHC- 
i$ active (low) when tnere ts no 1/O activity (IEJOLE + and 
HIDLE~ high) of tha 1/O controt is waiting for the central 
ecantrol te complete an operation. The waiting conditions 
are: 


a. Waiting for tne central contra! to respond (CRQIO + 
nigh) 


®. Waiting for the memory control to respand to a request 
for a trap memory cycie (MAKIO + high). 


c. Waiting for the cantral contral to complete an interrupt 
sarica routine (IINTF + high). 


4.7.2.4 1/O Function Decoder 


“This circuit prowdes various control signais by dacoding 
the three 1/0 function bits IEFn + (0-2). 


4.7.2.5 Inhibit-idile Control 


This circuit can overnde the ciock inhibitor IINHC~- by 
generating a iow innidit-idie signal HIDLE-. The innibit-idie 
signal is aiso used to anabile the address salector. IIOLE- 
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i$ activated (low) during one of the sample times (IESMP + 
or ICD + high) it one of the following conditions occur: 


a. Anormal trap operation (OMA) is requested (ITRPN + 
hign). 


* 9. Central control requests an Interrupt operation 
(IDCIR + and CRGIO + high). 


¢. Programmed !/O operation is requested (IOCIR=- and 
CROIO + nigh). 


d. A high-speed trap operation (OMA) is requested 
(TTRPF + high). 


4.7.3 Interrupt and DMA Control 


The interrupt and OMA contro! (figure 4-25) performs the 
fatiowing functions: 


a, Generates and controis the interrupt clocks (JUCX-! 
and iUCF-1) 


b. Supplies mput signais to the samopte contrat logic 


¢. Generates interrupt acknowiedgments (IUAX-i and 
IUAF-~1) : 


d. Generates the [1/0 interruot flag (IINTF + ) 


4.7.3.1 Interrupt Ciock Generator 


This circuit generates the ICA= and ICD + cioeks which 
are sent ta 1/O bus drivers tao Become the normal and 
high-speed clocks IUCX-! and IUCF-I. 


The period of the normal interrupt clock (IUCX-!) is jumper 
selectable at eitner 660 or 990 nanoseconds. Selection 
depends on the lengtn of the priority cnain in the system 
(for a description of the priority system, refer to tne input: 
Outout Section of the applicapie system handbook). 


The period of the high-speed clock (IUCF=1) is fixed at 330 
nanoseconds. This ciock is used during high-speed OMA 
Operations. 


4.7.3.2 Sample Controi Logic 


This circuit provides the fotlowing signais 


a. IESMP +. When there is no [/O activity, (IEIOLE + 
high) IESMP + samoies normal OMA or interruot re- 
Quests to determine if they occur during the proger 
phase (ICA= high) of the interruot clock (UCX-l). 
IESMP + atso tests for [/O requests from the centrai 
control. 


6b. ISMPF +. When there is no!l/O activity (IEJOLE nigh), 
ISMPF + sampies high-speed OMA requesis to dater- 
mine if they occur during the proper pnase (ICD + 
high) of the Atgn-speed interrupt clock (IUCFeI). 
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Figure 4-24. Decoding and Sequencing Control 
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Figure 4-25. interrupt anc) OMA Control 
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4.7.3.3 interrupt Acknowledgment Control 


This circuit consists of two filo-iloes that provide the normal 
and high-speed interrupt acknowledgments IUAX and IUAF. 
These signals are used in the 1/0 contro! circuits and are 
also routed through 1/0 drivers to the 1/0 bus (IUAX-I and 
IWAF-1) ; 


4.7.3.4 Interrupt Filp-Fiop 


When CINTF + goes high, the interrupt flip-flop is set 
(IINTF + high) indicating the central contro! nas compieted 
its interruot service routine and that tne 1/0 control can 
continue procassing and complete its interrupt routine. 


4.7.3.5 Interrupt Clock Inhibitor 


This circuit provides two interrugt clock innmiditers: a migh 
IINHN + inmbits tne normal clock (IUCX-) and a high 
HNHF + infubits the high-speed cidek (IUCF-I). 


IINKN + goes high during a sampling time (1ESMP + mgn) 
if one of the failowing conditions occur: 


a. Anormai OMA operation is requested (ITRPN + high). 


b. An interrupt sequence is acknowledged by the central 
contral (CRQIO + Aign). 


Bath the above conditions ave inniiited if a hign-spaed OMA 
Operation is requested. This 1s accomplished by disabling 
1ESMP + during the high-speed sampling time (ICO + and 
ITRPE + migh). INFN + also remains high (if anormat OMA 
or interrupt is recognized).as long as (ne interrupt acknawl- 
edgment is sat (IUAX= low). 


IINHF + goes nign if a nignh-soeed OMA request is made 
(ITRPF » high) during a samoting time (IEIOLE + and ICO + 
hign). Normai OMA cperations cannot override high-speed 
OMA operations. When a high-speed request is accected, 
INHFE = remaias nigh as long as the high-speed interrupt 
acknowledgment is sat (IUAF= low). 


4.7.3.6 OMA Acknowledgment Control 
This circuit consists of two Hiptlops that indicate if a OMA 
request has been sampied and accapted by the i/O control. 


A nigh INSO + acxnowiedges normal OMA requests and 
a mign InSO + acknowledges Nigit-speed OMA requesis. 


4.7.4 1/0 Data-Loop Control 


Ths circuit (figure 4-26) provides: contral signais for the 
1/O Gata loop. 


1CO0 + is used in the satecton of input data for the 1/0 
muitiplexor (section 4.6.1). 
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ICO2 + and ICO3 + determine the operating modes of the 
1/C) register (section 4.8.2). 


ICO4A + enadies the I/O drivers (section 4.6.3) to transter 
data from the I/O register to the 1/0 bus. 


Functions of the above signals are summarized in the 1/0 
control-store word format in figure 4-23. 


1/0 DATA 
LOOP 

jokes CONTROL 

(3.0, 3.8, 3.10) 


ICO4A+ 


VTL 21 


Figure 4-26. 1/0 Data Loop Control 


4.7.5 Processor-{/O Control 


These circuits (figure 4-27) supply address and control 
signals to the central control. 


4.7.5.1 1/0 Oone and Write Cantrol 


An l/Q dane condition exists wnen IONC= goes high. This 
condition occurs during a programmed i/O or interrupt 
sequence to signal the cantrail control tnat data is now valid 
and can Se interrogated. IONC-= is heid low during hign- 
speed or normai OMA operations by a iow IHSO- or INSO-. 


Ouring OMA aperations, two write contra! line signais 
IWLMC- and IWAMC- are sant to the memory control. The 
write control lines are enabied (IWLMC~ and IWAMC ~ low) 
either by Migh TPIX + and INSO + for normal OMA or nigh 
TRIF + and IRn}'SO + dumng mign-speed OMA. 
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Figure 4-27 
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4.7.5.2 Request and Acknowledgment 
Control 


When an interrupt is requested (IURX + high), alow IRQC- 
is semt to the central control. |ROQC-= is reset to the high 
state when (ne 1/0 interrupt flag is set (IINTF= low). A high 
1URX + also causes ISMI ~ to go high indicating a program 
imterrupt is pending. 


When the |/O control has responded to a processor request 
(CRQIO + high), an acknowledgment signal (IAKC1= low) 
i$ sent to the cantrai contral. A low |AKCt= is generated 
when one of two conditions are acknowledged: 


a Process request of an interrupt operation (CRAIO + 
and IOCIR + high) 


BD. Processor request of a programmed |/0 operation 
(CRQIO * Aigh and IOCIR * low) 


4.7.5.3 Miscellaneous Control 


For interrupt ooerations, interruot address bits IlAn + (0-2) 
are used as a pernon of the central contro! store address 
CEAOn= (0-8). 


The sense response signal ISFO + is sent to tne caritral 
control to indicate the status of a programmed |/Q sense 
Gperation. If tne sensed condition is true (SERX-i low), 
ISRO + is high. Conversaly, if the sensed condition is faise 
(SERX+4 migh), ISRO + is low. Reter to the ingut/Output 
Section of the applicadie system nandbook for turtner 
infermanan on programmed |/O sense operations. 


If a jump and mark instruction is located at the interrupt 
address during an interruot operation, IJIMRK + goes Aign 
and transters IUJX-i onta the 1/0 dus. IJMAK + goes high 
when (ne processor interrupt flag CINTF + and a decoded 
jump and mark signal CIOJMK + are mign. At the compilation 
af the 1/0 interrupt routine (IUAX * low), IJMAK returns 
to tne low state. 


4.7.6 Orivers/Recaivers and Miscellaneous 
Cantrol 


These circuits are shown in figure 4-28, 


4.7.6.1 Drivers/Receaivers 


These circuits are the |/O bus interface for the various 
17Q control signais. 
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4.7.6.2 Butfers and Decoder 


"These circuits pertorm the following functions: 


a. Generates t/O full clocks IFC + and IFC- by buffering 
the processor tull clock MFCO~. 


9. Generates !/O resat signais |AST+ and IRST- by 
butfering the system reset signal SAST-. 


&. Generates the 1/0 haif clacks [HC + and INC. by 
buffering the processor Naif clock MHCO-. 


a. Generates tne decoded interrupt signal IOC!R~ by 
decoding CSMT + and CSMA +. 


4.7.6.3 Function and Data Ready Control 


This circuit controls the length of time, the function ready 
and data ready signals are active. For timing wavetorms, 
reter to the Input/Output Section of the aoplicabie system 
handbook, 


Ouring normal i/O operations requiring data transters onto 
the 1/Q dus, the guise width of function ready or data ready 
signals (FRYX-4 or OR YX-+1) is shortened. This permits data 
ta remain on the 1/0 dus for some period of time after 
the removai of one of these signals (see figure 4-29). A 
paripneral controtler can then use the trailing edge (low. 
te-nigh transition) of tne function ready or data ready signal 
te) interrogate the data from the crocessor. Pulse width of 
ORYX-I of FRYX-1 is shortened at the trailing edge of tne 
1/0 naif clock iHC- when liT= is low. 


Ouring high-speed OMA cperations (figure 4-30) anly the 
pulse width of ORYF-I is snartened during an output-data 
transter. OFIYF-I is shortened at the trailing edge of the 
1/0 nalt clock lHC- wnen |O2< is iow (IHS= low). No guise- 
width change is required during an input-data trarister. 


4.7.6.4 Memory Time-Out 


A memory time-out circuit is provided on tne aptian doard 
to terminate requests to non-existent memory locations. 
These requests may resuit from programming errors and. 
if wrap-around addressing is not empioyed, the system 
would otherwise hang-up waiting for a memory acknowl- 
edgment. The memory time-out circuit monitors all requests 
(MROPTA=} and MROPTB—) on both memory duses and 
generates a Memory acknowledgment signal (YCINMA + 
or YONMB +) to the appropnate bus if a request has not 
heen recaived from the memory within two milliseconds. 
This interval is considered long enough to avoid false 
time-outs which mignt result from migner priority Sort ac- 
casses. Timing wavetorms for a time-out and non time-out 
conditions are illustrated in figura 4-31. 


The mamory time-out circuit can De disabled with jumoer 
connections on tne option Seard. 
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Figure 4-28. Orivers /Receivers and Misceilaneous Contra 
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Figure 4-20. High-Speed OMIA Operations 
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4.7.7 Programmed 1/0 Operation 


Timing wavetorms for a programmed |/O operation are 
ilustrated in figure 4-32. A programmed |/O speration is 
initiated when a hign CROIO + is received from the proces- 
sor. This occurs when the processor IM and S fieids contain 
111x arid 00, respectively. Otner pracassor fields are ine 
terpreted by the |/O contro! as starting addresses for tne 
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A, MEMORY REQUEST (MRQY-) BECOMES 
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B, TWO=MILLISECONDO TIME-OQUT EXPIRES 
PROVIDING A CLOCK TO FLIP=FLOP. 
SINCE MEMORY ACKNOWLEDGEMENT 
(YONM=) [S STILL HIGH, FLIP-FLOP [S 
SET, DRIVING YONM+ LOW WHICH 
CLAMPS ONE SHOT TO A CLEAR STATE 
PREVENTING FURTHER TRIGGERING 


Cc. REQUESTING DEVICE RECOGNIZES 
MEMORY ACKNOWLEDGEMENT 
SIGNAL ANO REMOVES REQUEST 
CAUSING FLIP-FLOP TO BE CLEARED, 
THUS REMOVING MEMORY ACKNOWL- 
EDGEMENT SIGNAL 
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\/O control store (section 4.7.1). The starting address is 
formed as toliows: 


Processor Field Bit 


_ CBMT +- 
CBMR + 
CSTS3 + 
C8TS2 + 
C8TS1 + 
C8TSO + 
CBAB1 + 
Zero 


Address Bit 


O-NWERUMANSY 


NON TIME-OUT CONDITION 


ee @ OQ 
MRQY = | | 


A. MEMORY REQUEST (MROY~) BECOMES 
ACTIVE CAUSING ONE SHOT TO START 
TIME-OUT ANO REMOVING THE CLEAR 
INPUT FROM A FLIP-FLOP IN THE TIME- 
OUT CIRCUIT 


8. MEMORY ACKNOWLEDGEMENT SIGNAL 
IS RECEIVED TERMINATING THE ONE- 
SHOT OUTPUT PULSE SINCE YONM+ IS 
LOW THE FLIP-FLOP IS NOT SET 


G. REQUESTING DEVICE RECOGNIZES 
MEMORY ACKNOWLEDGEMENT SIGNAL 
ANDO REMOVES REQUEST CAUSING FLIF- 
FLOP TO BE HELD RESET 


Figure 4-31. Memory Time-Out Waveforms 
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Upen receipt of a high CRQIO +, the 1/0 inhitit idle signal 
INOLE= goes low if all of the following conditions occur: 


a. The interrupt-ciock counter is in the sampling state 
(ICAe and ICC high, resulting in IESMP + high). 


&. The inhibiting signal of the memory protection option is 
Not present (BINIO= high). 


G The two mast-significant address bits (CBMT+ and 
CBMR +) are not doth high, indicating the request is 
Not an interrupt sequence (IDCiR= high). 


The low WNOLE= causes the 1/0 clock inhibitor IINHCe to 
go high. enabling the clocks for the address counter and 
butter (section 4.7.1). 


At the next IFC~ clock pulse, (he address counter is loaded 
with the starting address recaived from the processer. The 
address is sugplied by ihe address selector when IMXAD + 
ig high. IMXAO + is hign uniess a OMA aperation is re- 
quested (ITRPN+ of ITRPF + high). When ihe starting 
address 13 loaded into the counter, {ne buffer is also loaded 
with the contents of the 1/O cantroi-store address corre: 
sponding te the last data in the address register Following 
&@ system reset (IAST<low), the buffer recaives data from 
address zero of the control store: at ail ater times, tne 


data are rom the ending address of the previous |/O opera- 


tian. In either case, the data are identical and signais 
IBIOLE- and ION + go high. A Righ IEIOLE} indicates tnat 
the i/O contral is nat idie and further requests are ignored. 
As tong as IEIOLE<~ is nigh the address counter and buffer 
are enadied since IINFIC-~ 1s latcned nigh by alow IEJOLE + . 
At each succaeding IFC~ clock guise, the address counter 
ig incremented and the Suffer is loaded with the contents 
Of the address designated by tne address counter. 


Any |/O operation continues through successive addresses 
of the 1/O control store until address-counter and butter 
clocks are inmibited By ether of two conditions: 


a IEIDLE*. goes low indicating the end of an I/O 
operation. . 


b. IEWAIT+ goes high indicating tMat the current 
operation must stop ta wart for one of the following 
external events {o occur: 

i, Memory cycie (MAKIO + hign). 

2. New processor cycie (CRQIO + Righ). 

3. Interrupt (INTE + high). 

4. External wait line 1s active (IEXW + high). 


At the conciusion of a programmed 1/0 operation, |ONC- 
goes low and. on the next clock pulse, IEIOLE~ goes low 
inhibiting clocks for the address counter and butter 
CUINHC= low). 


Upon completion of an |/O operation, the address counter 
contains data tnat cause IEJOLE~ and JON + to go high. 
These are the first data loaded into the butter when clocks 
are reenabied for the next |/O operation. 
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4.7.8 Interrupt Operations 


The interrupt operations are divided into seven sud-opera- 
tions. Each sud-cperation is shown on the interrupt flaw 
diagram in figure 4-33. Timing waveforms are given for the 
oudrall operation (figure 4-34) as well as for eacn sub- 
operation. 


SUB-OPERATION 1 

Refer to figure 4-35 for timing waveforms of sub-operation 
1. AN imerrupt oceration is initiated wnen a devics (such 
as the real time ciocx or priority interrupt module) generates 
an interrupt request (IURX-! low) on the positive-going 
transition of the interrupt clock IUCX-|. The 1/0 control 
then sends a low IRQC- to the cantral contro! and waits 
far a response. 


SUB-OPERATION 2 

Refer to figure 4-36 for timing wavetorms of sub-cperation 
2. After some period of time (datermined by the type of 
operation being performed Sy the cantrai control prior te 
the wmerruat requesi), the cantrai control executes a micro- 
instruction that tests for an |/Q interrupt (see section 
4.3.14 far testing method). Feilewing the test, the central! 
Gontral executes the first miercinatruction of the interruot 
Service routine (see interrupt sequence in Micro-Word 
Flowcnarts 9840887) and generates a fign CROIO + This 
IMNCPOINSMrUGION aise (ests (Ne interrupt request. if the inter. 
ruot reques: signal |IAQC~ was activated as a result of noe 
of disapied by a macro instruction, the central contro! 
returns to its Normai processing operations (snown as EXIT 
on the interrupt flow chart). 


The cartrat contrat waits (by executing the IWAIT microin- 
struction at 007) for the |1/O contro to responce to the hign 
CRQIC +. and continues to send the starting address 00C 
(see table 4-26) of the interruat service routine to tne 
address seiector 


SUS-OPERATION 3 

Refer to figure 4-37 for tming waveforms of sub-operation 
3. The 1/O controt samoptes CROQIO + during tne time 
IESMP + i$ Nigh. Following tne sampting, the |. O control 
pertorms ine following: 


a. Sends an interrugt acknowledgment (IUAX-1 low) to 
tre 1/0 5us. 


b. Loads the starting address (ODC) for the I/O interruot 
operation into the address counter (IINHC- high). 


c. Loads tne buffer with tne last standard state address 
(Zero in the case of a reset or previously inactive |/O 
control. 


dg. Sends an acknowledgment (IAKC71 = low) to the cantrai 
control. 


At this time, the 1/0 contro is committed and must complete 
the interrupt operation. The only other termination that can 
occur iS a system reset. 


4-55 


THEORY OF OPERATION 


INTERRUPT 
REQUEST SET 
(HURX=t LOW) 


SET INTERRUPT 
REGUEST B/F 
(IRQ LOW) 


ACTIVATE THE 
PROCESSOR 1/0 

REQUEST SIGNAL 
(CRQIO® HIGH) 


INITIATE THE 1/0 
CONTROL STORE 
INTERRUPT SEQUENCE 


SENO t{NTERRUPT 
ACKNOWLEOGMENT | 
TO THE CENTRAL 
CONTROL 

NAKEI<, LOW 


een 


VTI1-2146 


4-56 


SUS-O PERATION | 


SUS-Q PERATION 2 


SUB-O PERATION 3 


>= sus-O , N4 


ves . 


$éT 1/0 
DONE SIGNAL 
(IONG-, LOW) 


SUB-O PERATION § 


SUS-O PERATION 6 


SET PROCESSOR 
INTERRUPT F/E 
(CIN TR HIGH) 


ves 


INTERRUPT 
TERMINATION 
SEQUENCE 


SUB-O PERATION 7 


ENO OF 
INTERRUPT 
SEQUENCE 


Figure 4-33. Interrupt Flow Olagram 


fe— 105 NANOSECONDS 


vrtsis 


craioe 
1E3Mre 
(DLE- 
HINTING 
HINGIC- 
SELDLE® 


WIRX-8 


~o mim = a 


. 
-m wi ea @ [a 


&DAD- 
tak Ch- 
tONC- 


Figure 434. lterrnapt Timing Wavelorms 


“SEWAIT® 


‘ ) 
, Pn Gant aera 
ry a 


CINTFe 


| l i t 


‘ ( ‘ i 8 8 ‘ ‘ 
rt AN A an pee eer etre fy 
‘ i ‘ 4 6 § 8 a 


THEORY OF OPERATION 


( 

t 

| 

i 

A 
CID 
te 
, & 


Cr Cr 
0 a) 


beet AvD- 48 
band ANo-d 4 


{iss 400-2) 
Dt 


fia abe) 
bo 


kINT ADDR) 
oc 


ZE20 
(Stet) Cres) 
(rina) 


ZERO ORLASS 
STANDARD STATE 


ayX-0 
ADORESS 
SELECTOR, 
ADORESS 
COUNTER 
BUFFER 
1/0 80M 
ADDRESSES 


4-57 


THEORY OF OPERATION 


ry 


1RQG- 


— — 165 NANQSECS NOS 


oS ae sags 
[— | i= 
es ee 


NOTE TIMING ASSUMES Ard INTERRUPT CLOCK 


VTT1-2162 


(Hie 


(Cae 


tcGe 


tUcxX—d 


WRXa4 


mace 


caw 


CENTRAL 


EXECUTION 


ACORESS 


RATE OF 460 NANOSECONDS (IUCi). 
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Figure 4-37. Sish-Operation 3 Timing Waveforms 
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SUB-OPERATION 4 

Rater ta figure 4-38 for timing wavetarms ot sub-operation 
4. The low |IAKC1- enabies the central contro! to advance 
to its next microinstruction (address 001) in the interrupt 
service routine. In this condition, the cantrai control waits 
until the interrupt address is accepted and transferred to 
the !/O register. At this tirne, the buffer (in the I/O control) 
is loaded with contents af address ODC (table 4-26) and 
the address counter is incremented by one. This process 
of incrementing the address counter and loading the butter 
continues until a waiting operation (IEWAIT + high) is 
specitied by tne I/O control microinstruction. 


SUB-OPERATION 5 

Fleter to figure 4-38 for timing waveforms of sub-operation 
5. When tne 1/O microinstruction at address OO€E (table 
4-26) is loaded inte the buffer, an 1/0 done signal (IONCe- 
low) is sent to tne cantral contro! and the interrupt address 
i$ loaded inte the 1/0 register. The interrupt operation then 
advances to the next microinstruction (address OOF) and 
waits (IEWAIT + high) for the processor to complete its 
interrupt service routine. 


SUS-OPERATION 6 

Rater to figure 4-39 for timing wavetorms of sud-operation 
6. The cantral control responds to tne iow IONC= By initiat- 
ing a memory cycie (o fatch the instruction at (he interrupt 
address. This is accomplished using the I/O register cane 
tents ag the memory address. When the central control 
advances to the first micns word of the instruction at tne 
imerrupt acdress, the interrupt flag is set (CINTF » high). 
A nigh CINTF + is sent to the I/O cantrot indicating tne 
central control has complated its interrupt service routine 
and is in the process of execunng the interrugt macro 
routine, 


SUB-OPERATION 7 

Rieter ta figure 440 for timing waveforms of sub-operation 
7. The 1/0 cantral responds to the high CINTF + by gen- 
erating tne I/O interrupt flag (INTE + high). The high 
IINTF + enadies the 1/O cantroi to complete its interrupt 
service routine By removing the processor |/O request 
(IRQC- Figh) and the clock innibiter (HINHC- high). When 
returned to (the idle condition (IEIOLE + hign), the 1/0 
contrat is availadie for new |/O operations, 


4.7.3 Normal OMA Operations 


Timing waveforms for a narmat (9MA operation are illus- 
trated in figure 4-41. A narmai OMA operation is initiated 
when a traQwn (TPIX-1) or trap-out (TPOX-1) request is 
recanved from the 1/O dus. The external devica (usually 
a Dufered intertace controiier) activates (he trap signal on 
the positive-going edge of the interrupt clock (I1UCX-1). 
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The trap request produces a high ITRPN + which causes 
NHN» to go high. When the clock counter (ICA + and 
ICC +) reaches the sampie state (both flip-Hops reset) a 
high IESMP + permits recognition of the trap by making 
INOLE= low and enabiing the address counter and butter 
clocks with a high IINHC-. At the same time, alow IMXAQ + 
Causes the address selector to select the trap address. This 
adcress is generated by trap-address generation logic (in 
1/Q control) that converts ail trap requests to unique ad- 
Gresses. : 


At the clock pulse following IESMP + going high, the ad- 
drass counter is loaded with the starting address of the 
OMA operation. The address counter previously contained 
either address zero or the last address of tne previous 1/0 
Operation. in either case this data. whieh is leaded into 
the Suffer, causes the I/O control to become Susy (IEIOLE= 
high). 


When the 1/2 cantroi becomes busy, the loading signal 
ILDAO= goes high (inactive) permitting the address caunter 
ta increment, At the same time, the |1/O clock inimbitor 
NNHC= is latched off (nigh) and the sampling controt 
IESMP + is tumed off (low). The address selector selection 
then reverts to (he processor address sourca, an acunowl- 
eagment (IUAX+| low) is sent to the 1/O Sus, the clock 
counter stops with ICA + and ICC + iow. and IIIOLE- goes 
high. 


At each succeeding clock pulse, the address counter is 
incremented a$ a new contro! word :3s loaded into the 
bulfer. For a trap-in operation, the memory address is first 
obtained and loaded into the |/O register (in 1/O data 
lao). The 1/O contro! then enters a waiting state and 
requests a processor memory cycle (IEWAIT + and |RQM + 
high), When the request is acknowledged (MAKIO + high), 
the 1/0 contro! leaves the waiting state and obtains the 
traj-in data. This data is transferred from the 1/0 dus to 
the memory data bus via the 1/Q muitipiexor (in 1/Q data 
loo) and the data multiplexor (in memory control). 


At the conclusion of the memory cycia, the clock counter (in 
1/0 control) is advanced with a code of O10 by buffer 
signais |EFn +(0-2). The next clock puisa loads all zeros 
inta the buffer; thus, placing the 1/0 control back in its idie 
State (IEIDLE» low). Clocks for the address counter and 
buffer are infidited until further |/O requests are recenved. 


Trag-out operations are simular to trap-in; Mowever, the 1/0 
contrel obtains the memory address and then transters 
mentory data to the 1/O bus wa the I/O laten (in memory 
cantrol), 1/0 muitipiexor, and 1/O register (in I/O data 
loop). 
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4.7.10 High-Speed DMA Ciperations gimitar to the normai OMA; Nowever, a faster interrupt clock 

(IUGF-1) and 1/0 timing are used. Furthermore, a separate 
Timing wavetorms tor a high-speed OMA operation are sat of ines are used for functions and data ready, interrupt 
iilustrated in figure 442. 4 high-speed OMA operation is acknowtedgmont, trap-in, and trap-out. 
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4.8 CONTROL-STORE WORD FORMAT 


Figure 4-43 shows the 64-bit word format of tne control 
store. in the Microprogramming Guide, ail fields of the 64-bit 
word are designated with two letters making them consis- 
tent with the mnemonics used in the microprogramming 
assamoier (MIOAS). This is done Sy adding the letter F 
to all the one-ietter designated fieids except the A and 8 
fields. The A and 8 fieids are designated AA and 88, 
respectively, 


Listed in descending bit order, each field af the word is 
described in the failowing paragrapns. 


TS Fieid 


® Pravides a component of the control-store address used 
when 4 conditional test 1s not met. 


@ Provides a component of the address used when not 
conditional testing if the fieid is not used for any of the 
following: 


© Selects a fieid from the instruction register for use in 
the A or & fieids of subsequent microinstructions. 


¢ Selects interrupts which are to be enabled. 


° Provides a partion of tne {/O-sequence starting address 
for \/0 requests. - 


° Selects another control store when a page-jump 
MICFOINStructian i$ executed (section 4 9). 


AF Field 


@® Contributes to the five most-significant orts of the 
control-store address except for decoding addressing 
(section 4.9). 


MS Fieid 


@ Provides the four least-significant bits of the control. 
store address for normal addressing (section 4.9). 


@ Masks the four least-significant dits for fieid-seiection 
addressing (section 4.9). 
MT Fietds 


@ Masks bit 4 of the control store address for fied. 
seiection addressing. 


® Provicies a portion of the |/O-sequence starting address 
for 1/0 requests. 


FS Fieid 


@ Selects a five bit fieid from the instruction register for 
tieid-selection addressing. 
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T Fieid 


® Specifies no conditional testing. 
@ Specifies conditional testing of a true condition 


© Specifies conditional testing of a faise condition. 


S Field 
8 Defines unconditional or conditional memory control. 


a Oetines page-jump control. 


G FPieid 


® Soecifies condition ta be tested for conditionail-test 
addressing and conditionai-memory control. 


@ Controls status samoting and control of overtiow flag. 


es Controls transfer of instruction buffer to instruction 
register. ° 


® Controls selection of decoding addressing. 


@ Cantrols selection of page-jumo operation. 


MR Fieid 

© Masks the most-significant Bit of the instruction. 
register 4-Dit freid selected by the TS field when 
specified by the AG fied. 

© Controts (in conjunction with the AB and W freids) the 
transter of address 1110 or 1111 into the 8 fieid 
depending on data-loop conditions. 


® Provides a portion of the {/O-sequence starting address 
tar |/O requests. 


AB Fieid 


© Specifies the following types of data for A and 6 fieid of 
next microinstruction. 


¢ Control-stere output 
¢ =6Piaid seiection from instruction register 
© =©Prevaus vaiues contained in A and B fields 
° Value for 8 fieid depending on data-ioo9 conditions 
® Provides a portion of the |/O-sequence starting address 


far [/O requests. 
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IM Field 


8 Specifies non-memory operations consisting of: 
¢ I/O requests 
¢ Interrupt flag (set or reset) 


« Supervisor mode (set or reset) 


¢ Seecral transfer of ALU output to instruction Suffer and 
memory input later. 


8. Specifies memory operations consisting ot: 


* Conditional or uneondttional start or override of 
memory cycie : 


¢ Address source for memory cycie 


* Operation ta be performed (reading or writing) 


LS Field 


@ Specifies data source for 8 input of ALU from: 


* General-ourpose registers (register file B) - 
* 8 muitipiexor 


+ Instruction register 1§-d:t control store literal (fields M, 
C. WR, SG, V, W, X, SH, 8) : 


a Speaties WCS contro! tunctons 


LA Fietd 
@ Specifies data source for A input of ALU fram: 


« General-purpose registers (register file A) 
* General-purpose registers (file A) snifted lett 
+ General-purpose registers (file A) smitted rgnt 


¢ Program counter 


R Fietd 


® Soec:fies destinations tor ALU output data ta: 
¢ Program counter 
* Qperand register 
e Shift counter 


* Key register (in data loog) 
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@ Specifies incrementation for: 


e Program counter 


e Shift counter 


F Fieid 


@ Specities ALU operations. 


1A Fietd 


@ Specifies ALU mode as arithmetical or logical. 


C Field 


@ Specifies ALU carry input as: 


e one 
¢ zero 
* stored carry 


* stored carry compiement 


@ Forms gart of the 16-d1t controt-store literal. 


WR Fieid 


@ Specifies the loading of ALU output data into a generai- 
purpose register specified by A field. 


® Forms part of the 16-d:t controi-stere literal. 


SC Fietd 
8 Specties shifting of operand register. 


@ Forms part of the 16-dit control-store literal. 


V Field 


® Controls the transfer of generai-ourpose register sign to 
shit flag. 


s Forrns part of 16-d:t controi-store literal. 


W Fietd 


s Controls the transter of ALU output sign to quotient 
sign flag. 


® Oetermines direction of operand register shifting. 


(continued) 


e Deterrnes contents of 8 field for next mueramstruction 
IN conjuction with AG field. 


e@ Forms part of 16-bit control-store literal. 


X Fieid 


Determines that operand register bit 0 1s to be one of 
the following during a sift operation: 


« Qperand register-dit 15 
« General-purpose register bit 15 
* ALU output bit 15 


o Zere 


e Oetermnines that operand register bit 1§ is to be one of 
the follawing during a right-shift operation: 


¢ QOperand register ait 0 
o Generai-purpose register bit 0 
e Qperand register bit 15 
eo Shift flag 
® Resets interrupt flag. 


© Sends jump signai to external memory protection 
option. 


e Forms part of 16-5it control-siore literal. 


SH Field 
® Sets A-ingut of ALY to ail ones or ail zeros. 


@ Selects special ALU function 


® Oeterrnines that general-purpose register Dit 15 1s to be 
one of the following during a left-snift operation: 


« General-purpose register dit 15 (remains the same) 


« General-purpose register bit 14 


® Determines that general-purpose register bit 0 1s to be 
one of the following during a lett-snift operation: 


» Zero 
« General-purpose register dit 15 


» Qoerand register Ort 15 
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® Q4etermines that general-purpose register dit 15 1s to be 
one of the following during a right-shift operation: 


© §=Multiplication-sign flag 

e Generai-purpose register bit 0 

¢ General-purpose register bit 15 
¢ Qperand register ot 0 


° Zero 


® Forms part of the 16-b:t control-store literal 


B Fieid 


@ Specities one of 16 genera: surcose registers wricm can 
be applied to the 8-input of the ALU 


®@ Specifies one of the following eigmt registers that can be 
applied to the B-input of tre ALU 


° Operand register 
* Memory input laten 


« {/O register 

* Processar status word 

© Operand-reg:ster rignt byte with sign extended 

¢ Qperand-register left byte with sign extended 

© Qperand-register rignt byte without sign extanded 


° QOperand-register right byte smifted left esgmt bit 
positions. 


i Forms part of the 16-bit control-store \iteral 


A Freid 


® Soecties one of 16 general Ourpase registers which can 
be agolied to the A-input of the ALU 


. © Soecities one of 16 generai-puroose registers that can 
receive ALU output data. 
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SPE CISSES DATA SOURCE FOR ALU 8 INPUS FROM GENERAL 
PURPOSE REGISTERS AS FOLLOWS 


B COmMTEMIS 


000 
008 
ote 
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0100 
101 
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vars 
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(00a 
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$100 
0008 
ato 
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SPECIFIES DATA SOUACE FOR ALU B INPUT 6 ADO SPECIAL 
REGISTERS AS FOLLOWS 


B COMTENTS 


o008 
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0018 
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Gtio 
Gus 
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* DEDICATED FUNCTIONS CURING 6306 - but ATION 
ANC HALT LOOP OPERATIONS GENTRAL PURPOSE 
OURING WCS OPE AATIONS 


SPECiE 6S DATA SOURCE COR ALU A INPUT 6 BOM GENERAL 
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4.9 CONTROL-STORE ADDRESSING 


Untike conventional computer instructions, which execute 
sequentiaily until altered by a branch instruction, each 
microinstruction of the V70 series computers must 
soecity the address of the next microinstruction. By specify- 
ing this address, the functions of instruction decoding, 
conditional testing, interruat handling, and normal microin- 
struction sequencing are accomplisned. 


The computer's basic instruction set is contained in the 
512 64-51t words of the contra! stere. Up to three 512-word 
contrat stores can be added to extend the computer's 
iINStruction sat. 


The 9-o:t address CEADn=(0-8) selects one of the $12 
addresses in (he control store (read-only or weitable). if a 
microinstruction sgecifies an address in another control 
store. a gage-jump micramstruction is executed (T fied 
contains 00. § fraid contains 10. and G field contains x12). 
The particular control store 1s selected by the 4-5: TS field. 
Wren a system reset condition occurs, ail bits of [ne 
cantrol store address are set to ane and page zero (read- 
anty control store) is selected. 


The following addressing modes comprise control store 
addressing: 

a Normal 

b Normat/TS§ heid 

G. Fretd setection 

d@. Canditonal testing 

e Interrupt 


tf Qeeading 


4.9.1 Normal Addressing 


The normal addressing mode 13 used to specity the address 
af the next mmerainstruction when conditional testing, 
interrupt, and decoding modes of addressing are nat 
soecitied. The FS and TS field contains 0000 and tne MT 
field contains 0 causing address dits 0 through 3 to be 
contratied by the MS fielcl. Address bits 4 (through 8 are 
controlled by the AF field (figure 4-44). 


4.9.2 Normal/TS Field Addressing 


The normai/TS field mode can be used when none of the 
fotlowing conditions are specified: 


a. Regtster-field extraction (AB field contains 01 or 10). 


b. Interrupt allowed (S and T fields contain 00. and G fieid 
contains x1 xx). 


c. 1/0 request (S field contains 00. and IM field contains 
Liix). 


3. Pageyump micrainstruction specified (T feild contains 
00. S fieid contains 10, and G fietd contains x1 xx). 


The address is formed by the inciusive OR of the TS fieid 
and Sits 1 through 4 of the normal address (figure 4-45). 


4.9.3 Field-Selection Addressing 


Im the field-saiection mode of addressing, the instruction 
register contents C2im=(0-15) amd various processor flags 
are used to produce the five least significant bits of tne 
contre! store address CEAOr= (0-4). This permits uo to 32 
BraneMing operations based on instruction register con- 
tents. The processor flags camsist of: interruot flag 
(CINTF #), snift flag (OSB), byte address flag (O8A0-), 
and control-panei step flag (NSTP= ). 


Field selection addressing 1s used when the FS fieid does 
Net contain OGOO (when the F§ field contains COQ0. normal 
addressing or normai/TS field addressing are used). Tadie 
4-27 lists the signals that produce contra! store address 
bits O through 4 for ail vatues of tne F5 field. The listed 
signais are applied to tne instruction field setector. 
Masking of (ne five address dits 1s performed by tne MS 
and MT fields causing a zero bit in (Nese fields to produce 
a zero in a corresponding address dit (CEAOnm= high). 
Address bits © through 3 are masked by the MS fiekt and 
bit 4 by the MT field. 


When an |/O request 's issued (§ field cantains 00 and IM 
held contains Lllx), the MT field is part of tne 1/0 address 
specification. In this case. the MT fieid is ignored and 
address dit 4 is masked to Zero. 


Address bits 4 througn 8 are produced by the AF field. The 
TS field 1s ORed with address bits Ll tmrougn 4 as in 
normai/TS tieid addressing. The formation of the compos: 
ite tield-seiecton address is shown in figure 4-46, 


8 3 2 } 0) 
peeks nae eens 
AP FIELD MS FIELD 
WTI iba Figure 4—14. Normai Addressing 
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AF FIELD MS FIELD 


INCLUSIVE 
OR 


Figure 4-45, Normal/TS Fleid Addressing 


VTP i166) 


Table 4-27. Field-Selection Addressing Contribution 


FS FIELO BITS . SIGNAL SOURCE OF CONTROL=STORE ADORESS BITS 0-4" 


alT 3 
0 
0 
C2101- 
) 
C2104— C2103- 
C2105- C2104- 
C2106= C2105- 
C2107- C2106- 
C2108- C2107- 
C2109= C2108- 
C2110- €2109- 
C211- C2110- 
C2112- Q111- 
C2113- C112. 
C2 id- C2113- 
C211 5~ C211 4= 


*THE LISTED SIGNAL SOURCES ARE INPUT TO THE INSTRUCTION FIELD SELECTOR (SECTION 4.3). THE 
SIGNALS (WHEN SELECTED) ARE INVERTED BY THE INSTRUCTION FIELD SELECTOR TO BECOME CFSAn+ 
(0-4) OR CFSBn+ (0-4) ‘ 


VTNI- 1d 
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NOTES: 


VTTS.1aas 
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AF FIELD 


INCLUSIVE OR 


El 0 | : | 0 | TS FIELD (NOTE 1) 


INCLUSIVE. OR 


om ANO 
fefefefe 


1. THE TS FIELO [S NOT USED TO PROQOUCE AOORESS BITS | THROUGH 4 IF ONE OF THE 
FOLLOWING CONDITIONS [5S TRUE: 

A, REGISTER FIELD EXTRACTION (AB FIELO CONTAINS QO! OR 10) 

B. INTERRUPTS ALLOWED (§ ANO T FIELOS CONTAIN 00,[M FIELD CONTAINS 
1) 1x) 

CS. L/O REQUEST (S FIELD CONTAINS 00, IM FIELD CONTAINS 11 1x) 

2. FAGE JUMP (T FIELD CONTAINS 00, S FIELO CONTAINS 10, G FIELO 
GONTAINS x1xx) 

E. GONOITIONAL TESTING [S SPECIFIED (T FIELD OOES NOT CONTAIN 00) 


MS FIELD 


———— MT FIELD (NOTE 2) 


2. WHEN AN [/O REQUEST IS ISSUED (§ FIELD CONTAINS 00, [IM FIELD CONTAINS II Ix, 
THE MT FIELD [S IGNORED ANO AOORESS BIT 4 IS MASKED TO ZERO 


Figure 446. Formation of Fieid-Selection Addressing 


4.9.4 Conditional-Test Addressing 


Two addresses must be specified when ennditional test 
operations are performed: ore to be used if the condition is 
met and one to! be used if the condition is not met. 
Canditional-test addressing is specified when the T fieid 
does not contain 00. The T field contains binary 10 if the 
condition to de met is true (for example, Jumo if Sense 
Switeh 2 Set), and a binary 11 if the condition to be met is 
false (for example, Jump it Sense Switen 2 Not Set). The 
condition to be tested is specitied by the G field (table 
4-28). 


if a condition is met, the address is produced oy field 
selection addressing. If a condition 1s not met, the address 
iS produced from the AF and TS fieids as snown in figure 
4=47, 


Table 4-28. Test. Conditions 


Candition G Field 
Overtiow God6 
(JO sense response 0001 
Sense switch 3 0010 
Sense swrten 2 Q011 
Sense switen | 0100 
Jumo. Jumo and Mark, 0101 


ang Exeeution 
INStructians 


ALU output ail ones 0110 
ALU outoul sign 0111 
ALU carry 1000 
ALW owtout is zero 1001 - 
Stored sign of register 1010 
tile A (O88 +) 
Sign of memory ingut 1011 
laten 

Shift-counter overtiow 1100 
Sign of generai-purpose 1101 
register 0 

Normalized shift 1110 
Quatient sign lll 
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4.9.5 Interrupt Addressing 


Control-store address bits 0 through 3 are produced by the 
interrupt logic (in |/O control) and oits 4 througn 8 by the 
AF fieid. sf alt of the following conditions are true: 


a. Interrupts are allowed (T and $ fields contain 00, and G 
tieid contains x1xx). 


b. An interrupt is active. 


ec. The proper class of imterrupts i¢ enabied by an 
aepropriate Bit in the TS fieid (taple 4-29). 


Figure 4-48 snows the interrugt addressing format along 
with codes for the three types of interrupt conditions. 


Table 4-29. TS-Field Interrupt Functions 


TS-Field Bits Interrupts 


3 2 13 49 


Enabies |/O interrupts 


Enables 1/0 interrupts only if 
memory protection option is 
installed 


Enables interrupt from memory 
protection option 


Enabies control-cane! step inter. 
rupt 


Note: x indicates irreievant dit. 


4.9.6 Decoding Ada essing 


Decoding addressing performs preiiminary instruction 
decoding to determine the classification of an instruction. 
Detatied decoding is performed later by field-setection 
addressing after instruction buffer contents are transterred 
to the instruction register. The pretiminary instruction 
decoding is impiemented by the instruction decoder and 
instruction decoding logic. These elements transiate tne 16: 
bit instruction from the instruction butter to the 9-bdit 
control siore address CEAOr= (0-8). 
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AF FIELD 
INCLUSIVE 
fefefe]e |. $2 pitts 
TIT. (ebb 
Figure 4-47. Addressing When Candition is Not Met 
8 7 P 5 4 3 2 ! 0 
SUPPLIED 8Y INTERRUPT 
AF FIELD LOGIC IN 1/0 CONTROL 
AF FIELD INTERRUPT LOGIC INTERRUPT CONDITION 
01101 0000 ABORT INTERRUPT FOR OMA 
011012 0001 START OF INTERRUPT SEQUENCE 
011012 0111 INTERRUPT WAITING FOR DEVICE TO SEND 
MEMORY AODORESS 
TN 1Gb7 


Figure 4-48. Interrupt Addressing ~ 
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The instruction decoder consists of two ROMs each 
containing sixteen 16-bit words. An option to the WCS 
option provides selection of read/write memory arrays to 
perrmit alternate decoding methods. The first ROM decoder 
uses instruction bufter bits 12 through 15 as an address; 
the second ROM decoder uses bits 8 through 11. Output: 
signat formats for the two ROM decoders are shown jin 


figure 4-49, 
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Decoding addressing is used when the T and § fields 
contain 00 and the G field contains xixx. If an interruot is 
present, decoding addressing is inhibited and interrupt 
addressing is used. Decoding addressing is aiso innibited if 
the IM field contains 11x0. When the IM field contains 
11x0 and no interrupts are present, field-selection address- 
ing 1s used. 


FIRST ROM DECODER DECODED FROM INSTRUCTION BUFFER BITS 12-15 


1§ 14 


E S3l- 


I 1G 9 8 


13 12 
$30- | T32- 


CIDIO+ 
wm CIDOO+ 


CIDO4+ 
CIDT32- 


CIDS30- 


amen CIDS31~- 
CIDS32- 


7 6 5 4 3 2 1 0 


CIDA3n= (0-8) 


EXTERNAL SIGNAL 

ENABLES 4 LEAST SIGNIFICANT BITS OF 
CIDA2n* WHEN CIDS32= OR CIDTI2= ARE 
ENABLED 

EXTERNAL SIGNAL 

ENABLES. CIDAn+ (0-8) TO CONTRIBUTE TO 
ADDRESS 

ENABLES INSTRUCTION BUFFER BITS 0-3 TO 
CONTRIBUTE TO ADORESS BITS 0-3 
ENABLES INSTRUCTION B8UFFER BITS 4-7 TO 
CONTRIBUTE TO ADORESS BITS 0-3 
ENABLES CIOS20+ ANO CIOS21+ 


SECOND ROM DECODER DECODED FROM INSTRUCTION BUFFER BITS 8-11 


NOT. 
USED 


CIDS20+ 


CIDS21+ 


VTTI-ebe 


> CIDXXS+ 


CIDXX2+ 
CIDXX0+ 
CIDXX3+ 


CIDA2n+ (0-8) | 


EXTERNAL SIGNAL THAT SETS ADORESS BIT 2 
TO ZERO IF CID00+ I$ ON 

EXTERNAL SIGNAL 

EXTERNAL SIGNAL 

EXTERNAL SIGNAL 

WHEN ENABLED 8Y CIDS32+, CIDS20+ 
ENABLES INSTRUCTION BUFFER BITS 0-8 TO 
CONTRIBUTE TO ADORESS BITS 0-3 

WHEN ENABLED BY CIDS32~, CIDS21+ 
ENABLES INSTRUCTION BUFFER BITS 4-7 TO 
CONTRIBUTE TO ADDRESS BITS 0-3 


Figure 4-49. Output Formats of ROM Decoders 
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Figure 4-50 shows the decoding acidress components. The 
nine bits from the first ROM decoder are always used in 
the address, The five most-significant bits from the second 
ROM decoder are inciusiveiy Ofled into address bits 4 
through 8 when C!OT32~ or 5i/0S32- from the first decoder 
is true (low). The tour least-significant bits from the second 
FIOM decoder are inciusively Ofled into address bits 0 


FROM FIRST ROM DECQOER 


FROM SECOND ROM DECODER 


CIOTI2Z= [S TRUE (LOW) 


FROM INSTRUCTION BUFFER 


IF CIDOQ0+ ANO CIOXX5+ ARE TRUE (HIGH), THIS 8IT 
IS CONTROLLED 8Y BIT 3 OF INSTRUCTION BUFFER 


FROM INSTRUCTION 8UFFER 


VTET- 1669 A 


ae 


enc Ny 


CIDS$32- (S TRUE (LOW) 
OR 


through 3 when either one of the following conditions exist 
in the first decoder: 


a. CIOT32 is true (low) and C1000 + is ture (high). 
b. ClOS32~ is true (low) and C!O00 + is true (high). 


CIDA3n+ (0-8) | 


Se, Casita cee eee TN 


CIDA2n+ (0-8) | 


CIOTI2Z=- [§ TRUE (LOW) | 


AND 
CID00+ IS TRUE (HIGH) 
OR 
CIOS32~ [S$ TRUE (LOW) 
ca 
CIDOO+ [S TRUE (HIGH) 


ae MIIn* (0-3) 


CIDS30- [S$ TRUE (LOW) 
OR 


CIOS32- [§ TRUE (LOW) 
ANO 
CIDS20+ [§ TRUE (HIGH) 


= MIIn+ (4=7) | 


CIDS31- 1S TRUE (LOW) 
OR 

CIDS32= [$ TRUE (LOW) 
ANDO 

CIDS21+ [S TRUE (HIGH) 


Figure 4-50. Decoding Address Components 
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instruction buffer bits OQ through 3 are inclusively ORed into 
address bits 0 through 3 when either one of the following 
CONGItIONS exist: 


a. CIOS30= is true (low) 


b. CiOS32 is true (low) and CIOS20 + is true (high). 


instruction buffer bits 4 through 7 are inciusively ORed into 
address bits 0 through 3 when either one af the following 
conditions occur: 


a. GlOS31—= is true (low). 


b. CIOS3S is true (low) and C!OS21 + is true (high). 


One exception ta these conditions fer instruction butter bits 
4 through 7 is tRat address bit 2 is controiied by 
instruction buffer bit 3 when CID0O+ and ClOXxXS~+ are 
true (higt). 


4.10 CONTROL-PANEL CIRCUITS 


The control-panei circuits (figure 4-51), located on the 
cantral-panel beard (44P0645), interface with the processor 
through the 1/0 bus. The interface arcuits consist of the 
1/Q contrat butter, 1/0 bus drivers, and |/O terminators. 
Commands are decoded from tne 1/0 bus by the 1/0 
control butter. The I/O econtrot buffer enabies either 
display-register data or pulse-regrster data anto the 1/0 
bus, or gates i/O bus data to the display-select register or 
the toggle register The 16-bit display register provides 
ternporary storage for either switen status or 1/0 bus data 
trom the processor. The 4-dit ouise register sends signals to 
the processor that indicate when the DISPL. ENTER. 
START, or SQOT switches have been pressed. The 4-bit 
toggie register stores the states of the three sense switches 
and the STEP/RUN switch. In conjunction with the run- 
made contro. tha puise and toggle registers control the 
STEP and RUN indicators. When the computer ts haited or 
int the rum mode, the dlink oscillator causes the RUN 
indicator ta blink. The display-select register signais the 
processor when one of the internal machine registers is to 
be aitered or displayed from the control pare. 


The interrupt control circuit applies interrupts to the 


processor when the INT switch is pressed. The 4-bit file. 


address register designates which one of the 16 register 
files are to be altered or displayed from the control panel. 
Signals from control-panei switches are applied ta pull-up 
and debounce circuits. Oehounce circuits eliminate the 
effects of extra signal transitions causad by switch 
contacts. Data display drivers and light emitting diodes 
receive data-inouts trom the display register. 


Oetaiied descnotions of the control-pane/ circurts are pro- 
vided in the following subsactions. Page numbers of logic 
diagram 9180406 (System Maintenances Manual) are in 
parentheses in the circuit biocxs of figure 4-51. 
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4.10.1 File Address Register 


The file address register stores the 4-bit addresses that 
seiect one of the 16 register files for controi-pane! 
ajteration or dispiay. The register can be directly set by the 
four REG SELECT switenes (NFAl=, NFA2=, NAFd=, and 
NFA&), cleared by the CLEAR switeh (NFACLR), and 
incremented by the INCR switch (NFAINC-). NFAINC= is. 
debounced by a Schmitt trigger circuit as well as the 
dedounce circuit. 


The contents of the file address register can be gated onto 
the 1/0 bus with the input-funetion transter NFi + from the 
1/0 contro! buffer. When the instruction register ts selected 
for display, NIR+ is high and an inout-function transter 
Clears the file address register and EBO2-! is law (true). 


4.10.2 Toggle Register 


The toggle register stores the states of the three SENSE 
sertehes (NSl-, NSZ2-, and NS3-) and the STEP/RUN 
switen (NSP=). Each input is exclusively ORed with a 
complement output of its corresponding register flip-top. 
The truth tabie for the toggie register is in table 4-30. The 
register can be cleared with a system reset (NRST= low). 


The toggle register clock NOZl=- cames fram either of two 
sources: ~ 


a. Alow NTCK= is generated by the ciock generator when 
any of the four switches are pressed (SENSE switenes or 
STEP/RUN switch). 


b. A high output-funection transter NFO + from the 1/0 
eantrai buffer and a high data ready NORY = from the 
1/6 bus produce a low NTCK I= clock. 


NFO permits the program ta change the state of the 
three SENSE-switen flip-flops in the toggle register This is 
accomplished by receming 1/0 bus sigmaig NEBOn + (1-3) 
and enabling them with NFO to simulate the switch 
being pressed (using open-coilector gates). 


Table 4-30. Toggie Register Truth Table 


Before Clock After Clock 
NSi- NSIF » NOii+ NSiF + 


Not pressed 
(open) 


Not pressed 


(open) 


Pressed 
(closed) 


Pressed 
(closed) 


Note: H = high: L = low, i = 1, 2. or 3; andi = 17, 18. 
or 19. 
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C291-TILA 


I/O BUS 
TERMINATORS 
(21) 


DISPLAY 
KLGISTER 
(13, 14) 


INPUT ENCODER AND 1/0 BUS DRIVERS (11, 17) 


BLINK 
OSCILLATOR 
(10) 


RUN-MODE 
CONTROL 
(8) 


i See i | 
PULSE CLOCK TOGGLE DISPLAY - 
REGISTER GENERATOR REGISTER SELECTION 
(16) 77) 6) poe 


SWITCHES, DEBOUNCE AND PULL-UP CIRCUITS (19,22) 


DATA-DISPLAY DRIVERS AND LIGHT EMITTING DIODES (18,20) 


INTERRUPT 


CONTROL 
(%) 


FILE 
ADDRESS 
REGISTER 
(5) 


VO 
CONTROL 


BUFFER 
(12) 
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4.10.3 Clock Generator 


The ciock generator consists of two one-shot circuits that 
gefierate clocks (NTCK= and NPC1 +) for the toggle and 
pulse registers whenever any of the four switches associ- 
ated with each register are pressed. The one-shot circuits 
are inhibited when NTCKi= goes low. This occurs during 
an outout-function transter so that only one clock (from 
data ready NORY +) is applied to the toggie register. The 
one-shot circuits provide time for switch bounce to dampen 
prior to clocking the registers. 


4.10.4 Run-Mode Control 


The rum-mode control generates a run signal NRUN= that 
controls the operation of the RUN indicator. When a 
systern reset occurs. a law NRSTl< resets the run-mode 
flip-flop praducing a high NRUN= that prevents the RUN 
indicator from lighting. 


When the comouter is placed in the run mode with the 
STEP’RUN switch, a high NSP. enables the biink- 
oscillator signal NOSC + to make NRUN= go high and low 
at a low frequency causing tne RUN indicater ta Blink. 


When the START button is pressed (and the camputer in 
steg made), a high NSF + sets the run-mode fiig-flep. This 
provides a law NRUN= that lights the RUN indicator 
cantinuously. 


When tne computer is haited with a halt instruction. a law 
NFiT= resets the run-mode flip-flop. The Mgh false output 
of the flig-flog and a mgn NSPF enables NOSC + causing 
the RUN indicator ta blink. The run-mode flio-flop is alsa 
set when ihe BOOT switch is pressed (NEB low) or the 
option start signal OPSTRT= goes low. 


4.10.5 Interrupt Control 


When the INT switen is pressed. a low NINT= imstiates a 
control-janei interruot (figure 4-52), NINT~ is detounced 


NINT~< 


YTTI-1674 
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by a Schmitt trigger circuit as weil as the dedounce circuit. 
High NINT+ and NINI= cause the interrupt-control flip- 
flop to set (NINF + high) on the next interrupt clock IUCX. 
|. If the control panel haa priomty (PR10X-! lew) and the 
flip-flop is set, the interrupt request IURX.| is generated. 
When the flip-flop is sat. NINI= goes low to prevent the 
flip-flop fromm being sat more than once each time the INT 
switeh is pressed. When the interrupt clock occurs. the 
control pane! has priority (PR1OX-1 low), IUAX-1 is true 
(low), and the flig-flog is reset. The interruot-contrai flip- 
flop is cleared by system reset NRSTl= and held in the 
cleared state by a low NSPF= (step mode). 


4.10.6 Blink Oscillator 


The biink oscillator consists of twa one-shot circuits 
coupled in a loos ta praduce a low-frequency squarewave 
NOSC + for blinking the RUN indicater. 


Aisa ineiuded is a Schrnitt trigger circuit. used in conjunc: 
tian with a debounce circuit, to ensure that the system 
reset SRST= is free from oscillations due to bouncing of the 
RESET switch contacts. 


4.10.7 Input Encoder and 1/0 Bus Drivers 


Curing an input-function transfer, the inout encoder 
supplies encoded signais to bits 4 through 8 of the | 'O bus 
to determine the operation selected fromm the control panel. 
The input function codes are listed in tabie 4-31 The 
beotstragp function can generate any one of three codes 
depending on jumpers A and 8: 


a. Ifne jumpers are instalied, Bits 6. 7, and 8 are encoded 
for a Teletype Deotsiras. 


b. If only jumper A is installed. the bits are encoded for a 
pacer: tape reader bootstrap. 


¢. If jumpers A and 8 are installed, tne bits are encoded 
far a disc bootstrap. 


Figure 4-52. interrupt Control Waveforms 
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c Table 4-31. Input Encoder Truth Table 


NOTE: Ls lLOW, H = HIGH, ANO X = [RRELEVANT 


VTTIAIGIIA 


The 1/0 drivers enable the dispiay-register outputs to be 
transferred to the 1/Q Sus. When the 1/0 5us is idle, a high 
{\EIOLA + enables the data through the |/O' drvers onto the 
1/Q us (EBO0-1 through E815-1). The I/O drivers are 
inmibited with a low dispiay clear NOCLR} or a low system 
reset NRSTl-. Under conditions other than |/O operations, 
the 1/0 drivers are enabied for an ingul-data transter 
(NOL » migh). : 


4.10.8 1/0 Control Buffer 


The 1/0 contrat suffer contains two flip-Hops (NCBRST= 
and NFOS +) and a bit function register. When the 
device address signal NFAO= (vctail 77) is decoded (gces 
low), the NCSRST= flip-tlag is set removing the clear sigrial 
from the function register. When the function ready FRYX.| 
goes true (low), the function register is clocked permitting 


it to samole inputs (see waveforms in figure 4-53), 

The outputs of the function register are used when the 
computer 1s Naited to provide the normal display. The 
output signals are: 


a. Input function NFIl-- indicates that the processor 
determines the operation to be performed. 


i. Output tunctian NFO + indicates the processor can set 
switcnes after a power failure restart. 
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START 


FUNCTION 


PROGRAM COUNTER SELECTED 
REGISTER FILE OR INSTRUCTION REGISTER SELECTED 
MEMORY SELECTED 


MEMORY SELECTED ANO ENTER 
TELETYPE BOOTSTRAP 

MEMORY SELECTED ANO OSPL 

PAPER-TAPE READER BOOTSTRAP 


OISC BOOTSTRAP 


c. Inout data function NO! + indicates the contents of the 
display register are tramsterred to the processor. 


@. Output data function NOO + indicates the processor is 
sending data to the display register. 


Excerpt for the input function, these functions can also be 
used under program control. 


4.10.9 Display Register 


1/0 data (EBOO-! through EB15-!) are applied to the display 
register inputs. The register outputs (NOFOO- through 
NOF1S—) are applied to the register-dispiay indicators. A 
low NENAB= enabies the register. The register is clocked 
by NCLOCK +. 


When the 1/0 dus is idie (IEIOLA + high) the register clock 
pulses are generated continuously by a flip-flop that is 
toggled by the interrupt ctock IUCX +. In addition to being 
apohed ta the register display indicators. tme register 
Gutjuts are circulated througnm the |/O data paths to the 
register inpulSs. 
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NEAD= 


NCBRST= 


NORY- 


NFI+ OR _ 
NFO+ OR 
NOI+ OR 
NOO+ (DEPENDS ON I/O BUS BITS 12 THROUGH 14 AND STATE OF NFOS+) 
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~ | 
NORY- 
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VTIN- 16% 


Figure 4-53. 1/O Controt Butter Wavetorms 
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4.10.10 Display-Selection Register | 
The display-selection register contains five latch circuits 


whose inputs and outputs are connected to the five 
DISPLAY SELECT switches as follows: 


a. NMEM=» to MEM switch 
b. NST= te STATUS switch 
c Ni tol switen 

d. NPR toP switeh 


e. NRF to REG switch 


Pressing any of these switches, sets the corresponding 
lateh (output is low). The previously selected latch is 
uniatehed when NSRX= goes low. This occurs whenever an 
even number of latches are selected. The low NSRX- 
untatenes ail latches except the one whose switci is 
pressed. When system reset occurs (NRSTI- low), ail 
latenes are uniatcned. 


SWITCH- 
NFIT+ ~K 
NPC]+ ~ 


IC17<9 


REGISTER* 


NOTES: 1. 


4.10.11 Pulse Register 


The pulse register is set whenever the OISPL, ENTER, 
START, or BOOT switches are pressed. DISPL and ENTER 
are inhibited from being set when the computer is not in 
the step mode. BOOT is inmibited from being set wren the 
computer is not in the run mode. A high NOF + indicates 
DISPL switels is pressed. a high NEF» indicates ENTER 
switch is pressed. a hign NSF + indicates START switch is 
pressed, and a high NEB + indicates SOOT switch is 
pressed. Figure 4-54 shows the timing wavetorms tor the 
pulse generator. 


4.10.12 Data-Display Drivers and Light-Emitting 
Diodes 
The data-display drivers, which are connected ta the 


outputs of the display register, consist of inverters that 
drive the light-ermitting diodes. 


The light-ernitting diodes are the indicators for the contral 
panel. A low signal applied to the cathode causes the diode 
to light: a Migh signal causes it to go out. 


ef 
ca 


| fem es 
[C17*5 i | 


| cena 


Saeseeesesssineoany 


THE TERM SWITCH= REPRESENTS SIGNALS NOP-, NEN-, NSTR=, OR N&S- 


2. THE TERM REGISTER+ REPRESENTS SIGNALS NOF+, NEF+, NSF*, ANO NEB+ 


3. [C17=9 ANDO [C17=5 ARE [C PIN NUMBERS ON SHEET 16 OF LOGIC DIAGRAM 91 80405-4 


Trt. 167° 


Figure 4-54, Pulse Register Wavetorms 
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4.10.13 Switches, ODebounce, and Pull-Up 
Cireuits 


The control-panei switches (except POWER) are mounted 
on a switch assembly (p/n 44P0647) whicn in turn is 
mounted on (he contro! panel board. With the power switch 
in the CONSOLE OISABLE position: ail switenes are dis- 
abled it jumper terminais © and E are connected together, 
and only STEP/RUN and RESET switches are disabdied if 
jumper terminais C and O are connected together. A switch 
is enavied wnen jumper terminal C is grounded. 


Debounce circuits eliminate signal bounce caused by 
Switch contacts. 


Pull-up circuits keep the switeh-signais at +5V de when 
switenes are open. 


4.10.14 1/0 Bus Terminators 


The 1/0 bus terrninators provide logic levels of O and +3 
vaits for tne 1/0 bus signais. They aiso prowde impedance 
matcning for the |/Q cable. 


4.11 MICROPROGRAMMING EXAMPLES 


This section provides examoies of instruction impiementa- 
tion using V7Q micrapregrammuing. 


4.11.1 LDA Instruction 
In this example. direct addressing is used. The description 
18 divided into the following sections: 

a. Standard state 1 of the microorogram (SS1M). 

db. Standard state 2 of the mieroprogram (SS2M). 

c. Standard state 3 of the microprogram (SS3M). 


d. First-micromstruction of the singte-word addressing 
sequence (SWA10). 


e. Second micromstruction of the singie-word addressing 
sequence (SWAZ0). 


f. First LOA micramstruction (LDA). 
g. Second LOA microinstruction (LOA2). 


SS1M 


Inutiaily the instruction pipeline is assumed to be emoty 30 
a New instruction must be fetched from main memory. The 
first rmcromstruction ts obtained from control store location 
13 (ail addresses are given in hexadecimal). This location 
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has the label SS1M, which is one of the micreprogram's 
standard states. 


The microinstruction fieids at 13E are: 


° 


tS AF MS MT FS tT S$ G 
0000 01001 0010 G6 0000 00 01 0000 


M AB OIM L3 LA R F 4 
9 89 1000 60 060 900 0000 90 


G WRSQV W X SH 38 A 
O08 9 8 0 000 0000 0906 


The function ef this microinstruction is to initiate an instruc- 
tion fetch from the memory address specitied by the pro- 
gram counter. Note that the S field equal te 01 specities 
unconditicnal initiation of the memory cycie. The iM ftieid 
specifies use of the program counter for an address source 
anc the instruction buffer and memory input register as 
destinations fer data received from memory. The F5, MT. 
TS and T fields contain ail zeros so Normal mode addressing 
is specitied. The next control store address will be 092. 
Ne other fields of the microinstruction are pertinent. 


$S2M 


Lecation 092 is another microprogram standard state la- 
beled SS2M. It continues the process ot filling the pigeline 
by initiating another instruction fetch using the incremented 
contents of the program counter. 


The mieroinstruction fields at 092 are: 


TS AF MS MT FS 7 § G 
0000 00010 1101 9 0000 00 0% 9000 


“Mw +ABIM LS LAR F M 
_0 00 1000 00 00 100 0000 0 


“G WRscV WX SH OSB A 
00 60 0 0 0 00 000 0000 9000 


Again the S fieid is equal to 01 and tne |M field is equal 
to 1000 specstying anotner instruction fetcn using the pro- 
gram counter. in this casa, however, the FR field equals 
100 specitying that the program counter will be incremented 
before it is used as an address. This microinstruction is 
Not immediately executed since the previous microinsiruc- 
tion initiated memory achvity and the memory coniroi re- 
mains Susy until the first instruction from memory ts loaded 
into the instruction buffer and the memory input laten (in 
memory controi). At thts time, execution of the current 
microinstruction is completed and the nex{ microinstrucnon 
from location 020 becomes active. Normat addressing 
occurs again due to FS. TS. MT and T fields being zero. 
No other fieids of the microinstruction are pertinent. 
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SS3M 


Location 020 is another microprogram standard state la- 
deied SS3M. It causes decoding of the instruction fetched 
trom memory while checking for interrupts. It also transfers 
contents of the instruction butter into the instruction register 
to make room for the next instruction from memory. 


The microinstruction fieids at 020 are: 


ts AFP MS MT OFS tT S$ G 
1110 01101 0110 0 G900 00 00 0101 


M AB IM LS LA R 4 M 
QO 00 0110 00 00 000 0000 9 


G wRsc Vv WwW X SH SB A 
oo 0 Q 0 @ 0 Gad gocd 0000 


This microinstruction maniguiates no data paths nor does 
it initiate any memory cycies. Its sole purpose is to check 
for interrupts and, if there are none, cause a branch to 
the required microsequence. The T fleid is equal to 0 and 
the G fletd bit 0 is a one causing data transter from tre 
instruction butter to the instruction register. With tne S fieid 
equal to 00 and the G fisid bit 2 equal to one. interrupts 
and decoder addressing are enabled. The TS field detines 
the interrupts whicn are enabled: all except !/O interrusts 
unless the memory protection option is installed. The IM 
field specifies selection of the interrupt fiag. if this flag is 
‘set, interrupts are suppressed. The flag is reset by this 
micrainstrucdon. if an interrupt is active and (the interrupt 
flag is not set, tne next control store address is OOX where 
X designates the four bits supplied by the interrupt logic. 
This produces a branen to the interrupt microprogram 
sequence. 


Assuming na interrupts are present, (he new control store 
adGress is determined by (ne decoder logic. The instruction 
fetched trom memory is assumed to be 10F9 (Nexadecimal) 
or 010371 (octal). This is a Varian 70 senes LOA instruction 
with direct addressing of location OOF9 (hexadecimal). The 
mast significant four bits of the instruction butter address 
the first decoder contro! store at location t. The next four 
bits address (he second decocier contra! store at location 
QO. The decoder contro! store contents are: 


ist decoder 

Control store 812 <1 

location 1 88-80 = 110000010 
2nd decoder 

Contra store A&-AQ # 010000000 
location 0 


Since 812 equais 1, (ne 88-80 and A&-A0 address compo- 
nents are lagicaily CRed to produce an address of 192. 
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SWA10 


Location 182 contains the first microinstruction of the sin- 
gie-word addressing sequences (SWA10) for the instruction 
fetched trom memory. It forms tne effective addrass by 
masking bits 00 through 10 from the instruction register. 
It also initiates the operand fetch. 


The microinstruction fields at 182 are: 


ts AP MS MT OFS 7? $ G 
goog 10010 1111 9 0000 00 01 0000 


“YM AB IM LBLAR P , 
_0 00 0101 10 00 O11 1010 


Ww e)UOUwWR SG .VYU«wW!~OC«SNSC«SHRS=C«* A 
Jui 1_1 9 9 99 999 9900 9909 


weseewve ca 16-bit mask literals sc ceo ed 


The LB feid equals 10 sa tne ALU 8 input nas the ccntents 
of the instruction register masked by the 16 dits of tne M, 
Cc, WR, SC, V, W. X. SH and 88 fields (a zera in the mask 
enables the corresponding instruction register bit), The 
mask equals F800 so tne low order 11 Sits of tne instruction 
are used, © 


Tne ALU mode is determined by the F fieid (1010) in can- 
junction with the LS fieid (forces logical mode) resulting 
in an ALU function of the ALU = 8. 


The R field equais 011 so the ALU output is loaded inte 
the operand register. 


The S fleid equais 01 so unconditional memary ccantrot is 
specified by tne IM field (0101) to taten an operand into 
the memory input latcn using the ALU output for an address 
source. THis microinstruction is completed when (he mem- 
ory cycia@ inttiated by the micramstruction at 092 13 com- 
pleted. 


The FS, TS. T, and MT fieids all contain zeros so normal 
addressing is used and the AF and MS fields specify tne 
ext control store address of 12F. 


SWA20 


Location 12F contains (Ne second microinstruction of tne 
singie-word addressing sequence (SWA2Q). it decodes ots 


13 through 15 of the instruction register contents to deter- 
mine the class.of the singie-word addressing instrustion. 


The microinstruction fields at 12F are: 


ERE ES A 5 LOTS FEET SION ILE 8 ED LELEE TS EAE LEC LIEN, OC TET ATW ILE 
ts AF MS MT FS tT $ G 
0000 11110 1100 1 114113 060 80 0000 


Mu AB OTM LB LA R fF | 
Q@ 00 G000 00 90 Q00 0000 0 


GC WR SC V W X SH 8B A 
00 6 @ QO 90 90 000 90000 0006 


Noe data maniguiation or memory control oserations are 
performed by this microinstruction. It serves oniy to branch 
ta the specific microsequencea for the ciass af singie-word 
addressing instruction contained in the instructian register. 
Field-seiection addressing is used for this decoding (FS 
field is net equal to 0000). The FS field is equal to 1171 
$0 fie saiected fieid is Oits 17 through 15 of the instruction 
register. The composite address formation is illustrated. 


87685 4321 «0 
AF fieid contribution: 1%7:710060900 0 
er: 717114119000 90 9 
TS fieid contribution: 60060000900 0 
Field selected fram 
iNStrUCcHON register: 90gQagagaddi Q 
(i= 10F9) 
and’. 00000000 80 
Mask consisting of MT 0000134 10604 
and MS fieids 


Final effective address 
produced by inciusive OR: 


111100090 0 


The address of the next microinstruction is then 1&0. 


LDA1 


Location 1EQ is the first microinstruction specitically for 
the LDA instruction (LDA1). 


This microinstruction increments the program counter and 
iniates another instruction fetch from main memory. 


TS AP MS MT OFS tT S$ G 
0000 67011 0107 0 0000 00 01 90900 


AB IM L3 LA R F M 
go 1000 00 00 100 9000 0 


Yi 
me 
¢ 


WR SSC V W XX SH 8 A 
00 0 0 9 0 O90 000 8000 0000 
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Tho FF fieid equal to 100 specifies that the pragram counter 
ig incremented during this microinstruction. 


The § field equals 01 so unconditional memory contrai is 
specitied by the IM field (1000) to faten an instruction into 
the instruction butfer and input laten using the program 
counter for an address source. (Note that the program 
courmter is incremented during the microinstruction so the 
New vaiue is used for the memory cycie). 


Normal addressing is used to specify the next microinsiruc- 
tion address (T. TS, FS, MT fields are al! zero). The AF 
and MS fieids define the address as 085. 


LDA2 


Location 0BS is the second microinsiruction specifically 
for the LOA instrucnen (LOA2). This microinstruction per- 
forms the following: transters the contents of the memary 
input lateh to tne A register (AQ), transters tne instruction 
butter containing the next instruction to the instruction 
register to make room for the instruction whose fetch was 
initiated By the microimsiruction 1E0, decodes the instruc. 
tion Buiter ta determine the staring address of tne nex? 
microsaquenca, and checks for interrupts. 


The microinstruction fields at 085 are 


ts AF MS MT FS tT § G 
179% 07701 9110 0 9000 00 00 0101 


" AB IM LB LA R F M 
Q 60 96110 01 60 900 1010 1 


“G WR SCV WX SH BA 
660 1 0 0 0 00 000 0001 9000 


The ALU 8 input is specitied by tne LB field (equal to 01) 
te be one of the special registers. The B fieid (equa! to 
0001) defines the memory input register as tne source. 


The ALU operation is specified to 5e in tne logical mode 
(MF a1) with the ALU outeut equal to the ALU 8 input 
(FF @ 1010). 


The WR bit equais a one so the ALY output data 's written 
into the register specitied by the A field (A = 0000) which 
is the A register. This is the execution phase of the LOA 
instruction. ° 


The S and T fieids are Doth equal to 00 and tne G field 
bit GO is @ one so the instruction buffer contents are trans- 
ferred to the instruction register. The G field bit 2 is a one 
9 the instruction decoder is enadied and interrupts are 
checked. 


The IM fieid equal to 0110 witn the SF field equal to 00 
sefects and resets the interruot flag. |f the flag i's set, the 
Gecoded address and interrupts are suooressed and the 
rext instruction is fetcned fram location 000. All interrupt 
Classes are enabied as tne TS field contains ati ones. If 
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an interrupt is active and the interrupt fiag is off, only the 
decoded address is suppressed arid the next microinstruc- 
tlon is fetched from the address specified by the A field 
and the interrupt logic. This address is 0OX where X is 
the address suppiied by the interrupt logic (X = 0). 


If ne active enabled interrupts exist, the next microinstruc- 
tion is fetched from the address specified by the decoder 
logic. If the instruction dufter contains another single-word 
acdcressing instruction, tne next address will be 182 
(SWA10) and the sequence will te repeated. 


Figures 4-55 and 4-58 show a flowchart and the flow dia- 
gram ot the microinstruction sequence described. Note tniat 
tne pipeline ettect of Dufftering instructions permits efficient 
use of the memory. (A 350-nanosecond semiconductor 
memory was assumed). 


4.11.2 STA Instruction 


This examole illustrates tne use of the equal-eddress fag 
MPLE + (sae address comparator in section 4.5.4) during 
execution of tne STA instruction with direct addressing into 
location n+ 1 (where a is iscation of STA). The operation 
iS divided into the four sequences as shown in figure 4-57. 


SWA4O 


Microinstrucnon SWA4Q (in location 181) initiates a memory 


request (a store contents of le A register in memory 
igcation A +1. 


STA2 


Ounng the memory store operation, microinstruction STA2, 
(in location 11A) tests for equal addresses from the program 
counter and memory address lines. At tne comptetion of 
STA2, MPLE + is sat indicating ine addresses are equal. 


STAX 


Microinstruction STAX (in tocaton 104A) specifies a second 
memory request operation to maintain the instruction pipe- 
line. The cantral contral continues executing STAX until 
the memory store operation initiated by SWA4O is com- 
pleted. At the compietion of the memory store operation, 
contents of the A register are stored in both ine instruction 
duffer and memory location n+! (due to MPLE +). 


SS3M 


The cantrat control now initiates the instruction feten 
operation and enters standard state 3 (SS3M) to decode 
the next instrucnon (tne one just oaded into the instruction 
buffer). 
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FIELO SELECTION INSTRUC: 
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13-15 
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Figure 4-55, Flowchart for LDA Instruction 
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$0000 
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NOTE: 


Tummag diagram shows ihe startug and execution of a sequence of singie-word aacreswing insirucnons (30 nanosecond 
memory cycie time 1s assumed) 


YT i. 2080 
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Figure 4-88. Flow Olagram of LOA instruction 


TEST Time 


CLOCKS | | | | | 
ad + 
! I { | | 
MIGRE INSTRUCTION Sw aad - $Ta2 STAX 


1 
CONTROL STORE AOORESS I 
' 
i 


| 
BEING EXECUTED var Wa 104 , 02D 


on See ohana, ! a 
MEMORY OPERATIONS INSTRUCTION STORE INSTRUCTION 
BEING PERFORMED RETCH ; NETS 


PRO GRAM COUNTER wl we? 

CONTENTS ; e———_—oO 
l ; 

MEMORY AOORESS 2 X rot 


MPLE® FLAG | 


Figure 4-57. STA instruction Timing Diagram 
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SECTION 5 
MAINTENANCE 


Maintenance personne! should be familiar with the 
contents of this manual defore attempting processor 
troubiesnooting. The MAINTAIN ill test program system 
(MAINTAIN II! Manual) contains an instructions test 
program used to isolate a malfunction to a particular groue 
of instructions. Further diagnosis can than be made by 
referring to this manual. 


$.1 TEST EQUIPMENT 


The following test equigment and tools are recommended 
far processor maintenance: 


a. Qseilloseope, Tektronix type 547 with dual-trace piug-in 
unit, or equivalent. 


b. Multimeter, Triplett type 630 or equivalent. 


¢ Soldering iron, 15-watt pencil type. 


§.2 CIRCUIT BOARDS 


The processor and option boards are four-layer PC boards. 
The two outer layers provide signal interconnections for the 
cirewit components. The two inner layers provide low- 
impedance ground and power-voitage distribution, and 90- 
onm microstrig transmission lines far all signais. The ICs 
contained on the boards consist of LSI read oniy memories; 
MSI multipiexors, decoders, and registers: and SSi gates 
and flip-flops. The controi-panei circuit board contains only 


° 
© 


two outer layers for signal interconnections of the circuit 
components. 


If it Nas been determined that circuit-board reoair is re- 
quired. it is recommended that the Sperry Univac 
customer service department be contacted so that a new 
cireuit board can be installed in the user's system and the 
fawity one returned to the factory for repairs. However, if 
the user decides to perform his own repairs, extreme cau- 
tion should be used so that the circuit Doard is not perma- 
nantly damaged. Aoproved repair procedures should be 
followed such as the ones described in document IPC-R- 
700A prepared by the Institute of Printed Circuits. 


5.3 CIRCUIT-COMPONENT IDENTIFICATION 


For IC components. the processor and aption boards have 
loeation eserdinates that. are used in the logic diagrams as 
reference designations. For exampie. a flip-tlag designated 
G3 in the processor logic diagram is in the IC package at 
location row-C colurmn-8 om the processer board. For . 
discrete components, the reference. designations used in 
the logic diagrarms appear on the circuit board adjacent to 
gach component. 


For the control-panei board, ail reference designations used 
in the logic diagrams appear on the circuit Doard adjacent 
to each component. 


Parts lists in the System Maintenance Manual provide a 
Grass reference between Soerry Univac and the manue 
facturers part numoers. 
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SECTION 6 - 
MNEMONICS 


This section presents an alphabetized list of processor 
signal mnemonics with definitions (table 6-1), and de 
seribes certain conventions used in developing the 
mnemonics. 


Polarity 


Plus or minus signs are inciuded at the end of each 
processor mnemonic. The pius sign indicates the signal is 
at 2 Aigh logical level when its function is being performed. 
The minus sign indicates tne signal is at a low logical level 
when its function ig being performed. A signal that is the 
logical inversion of another uses the same mnemonic with 
an opposite sign; these signais are compiernents of each 
atner. 


1/0 bus signal mnemonics end with =|. 


* Source Identification 


The first letter of a signal mnemonic indicates the 
functional section in whieh it originates: 


First Letter Source 


9) Data foop 
Central control 
Memory contro! 
i/O eoartrol 

Cantrol panet 

' Power supply 
Common logic 
TTY 
PMA 
Mernory protection 
Real-time clock 
Power fasure/resiart 
Memory 


<*DUOPHTSsZz-F0 


Table 6-1. Mnemonics 


Beseription 


implements the disabling of a memory request 
Transters contents of instruction decader onto 


Transters contents of instruction deceder onto 


System reset or controiepanei interrupt (STEP). 
Transiers contents of register-field selector onto 


Transters bits from control-store output bus to A fieid 


Detects controi-panel interrupt forcing control-store 


Transfers contents of instruction fieid selector to 


Mnemonic 
CASRT~ 
CACIDA + 
controi-store address bus. 
CACIOS + 
contrel:-store address bus. 
CACIDE + Enables instruction decoding operations. 
CADEQ1 
CSABE + 
controf-store output bus (bits 0-7). 
CBAEN + Two bits. AS field 
CBAFn + Five bits. AF fieid 
CSAKE~ 
CBSFSn + Four bits, FS fieid 
C8Gna + Four bits. G fieid 
C8IEN= Disables control-store cutout bits 0-7 
C3IMn + Three bits, IM fieid 
C8iIn + 64 bits, control-store outputs 
CBMR + Qne bit, MR fieid 
CBMSn + Five bits. MS field — 
C8MT + MT-fieid bit 
C8Sn + Two bits, $ fietd 
C8Ta + Two bits, T field 
C8TSA + Four bits, TS field 
CCPRQ + 
address to low state 
COREN + Partial enable for instruction decoder 
CEAOr= Nine bits, controt-store address 
CEAFS + 
control-store address 
CEAIA + Enaodies interrupt request 
CEATS + Selects TS fieid for control-store address 
CEA I= 


Allows instruction field seiection when T is not Zero 
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Mnemonics 


CECKM» 
CESK + 
CFSAn + 
CFSBn + 
CIDA2n + 
CIOA3n.+ 
CIOIO + 


CIOJMK + 
CIOR + 
ClOS2n + 
CIOS3n + 
CcloT3aa 
ClOXXa + 
CINTF + 
CINTS= 
COVRM +» 
CRQIO 
CRQOM + 
CSAMCE 
CSAMOV 
CSEQn + 
CTEQn + 
C2in= 
DALLA + 
DASSN ~ 


OAZRe 


OBAO + 
O8Cr= 

O8Sna + 
O8ZB~ | 


OCIN= 
OCKn + 
OCNOC + 


OCNQZ + 


OCRYO + 
OCRY1 + 
OCTZ + 
OCOn + 
O0OQS- 
DEQ+ 


OFAAN + 
OF Are 
OFBAn +» 
OFBn= 
OFI.Ca + 


OFTT + 


OFIJNO + 
OFUNI + 
OFUN2 + 
OFUN3 + 


Table 6-1. Mnemonics (continued) 


Oeseription 


Clock control signal 

Supervisor control signal 

Five bits, instruction-field selector A output 
Frve bits, instruction-field selector § output 


- Nine bits, instruction decoder AZ output 


Nine bits, instruction decoder A3 output 

Qutput signal from instruction decoder, Aigh for 1/0 
operation 

Processor decoded jump and mark 

Special decoding of register-to-register instructions 
Two bits, instruction dacoder output 

Three dits, instruction decoder output 

Instruction decoder output 

Four bits 0, 2, 3.°5, instruction decoder output 
Processor interrupt flip-flop 

When low, disables the instruction decoding logic 
Implements override of mamory request 


’ Processor 1/O request 


Requests memory service {in conjunction with CASRT=) 
Enabies cariditional code control 

Enabies overtiow control < 

Three bits, decoded § field 

Four bits, decoded T fiaid 

16 bits, instruction register output 

16 bits, ALW outputs . 

When high, the last entry to the register file A 
address 0000 was negative 

When low, the tast entry to the register file A address 
C000 was zero 

Byte address 

16 bits, laten 8 feedback path 

Four bits, gated address for register file 8 

When low, the last entry to the register file 8 address 
QO001 was zaro 

Oecoded carry-in to bit 0 of ALU 

Four bits, output of data loop key register 

At the last condition sampied, the carry-out of the ALU 
was true 

At (Me last condition sampled, the output af the ALU 
was zero 

Carry contrat LSB, bit 13 of mask field 

Carry controt MSB, dit 14 of mask fietd 

Shift count equals zero 

Carry-in signals from carry generator ta ALU 

Quotient bit input to OFBAO + 

At tme last condition sampied, the A and 8 inputs to 
the ALU were equal 

Four bits, address for register file A 

16 bits, output of register file A 

Four bits, address for register file 8 

16 bits, output of register file 8 


Lateh strobe, enables larch feedback path. disabies all 
gating paths 

When high, the condition is met for a jump. jump and 
mark, or execution test 

ALU funetion control LSB 

ALU funetion contrat bit 1 

ALU funetion contrat bit 2 

ALU funetion contrat MSS 


Mnemonic 


OGLAO + 
OGLAI + 
OGLSBO + 
OGLB1 + 
DGMO + 
OGPR + 
OGna + 
OGRCO + 
OGRC} + 
OGRC2 + 
DIMEN + 
OKABE 


OKOR= 
OKPR~ 
DKSCR= - 
DLAGL + 
OLAGR + 
OLAGS + 
DLBG! + 
OLSGM + 
OL8GS + 
OLBMX « 
OLBn + 
OLGA + 
DLTZ + 


OMFC + 
OMODE + 
OMXre 
BORN + 
O00Sn + 
DOVF + 
OOVSMP + 


DPRA + 
ORCS + 
ORCI + 
ORC2- 
ORC3 
ORCA + 
ORCE= 
ORC7= 
OR47 + 
DSCON + 
OSCa + 
OSGN + 


OSGna + 
OSHFTA + 


OSLOO + 
OSM 1- 
DSPn + 
OSROV + 


OSR15 + 
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Table 6-1. Mnemonics (contunueg) 


Descrigitian 


Lateh A contro! LS8 

Latch A control MS8 

Laten B controi LSB 

Laten B control MS8 

Al. mode contro! bit bit 18 of mask 

Gates the P register through latch A 

Owcoding signais of jower two bits of SH field 
Register contro! LSB (R field) 

Register control middie dit (R field) 

Register control MS8 (R field) 

Enabies multiplication sign bit to bit 15 of latem A 
Clock to cantrol-store buffer bits 8 through 31 and 0 
through 3 

Qperand register clock 

Program counter clock 

Shift counter clock 

Gates file A data shifted left through laten A 

Gates file A data shitted right through laten A 
Gates file A data straight through latch A 

Gates | register through laten 8 

Gates mask fieid through lateh 8 

Gates file B data straight through laten 8 

Gates 8 multiplexer through laten 8 

16 bits, lateh 8 outputs 

16 bits, lateh A feedback pain 

The current contents of the | register bits 3-3 and 
bit O are zero 

Data loop full clock distribution 

Decoded mode control to ALU 

16 bits, output of B muiltipiexar 

16 bits; output of operand register 

2 Sets, decoded contro! signals ta operand register 
When high, the overfow flag is sat 

There ts overflow, if the sample condition is on (set 
OOVF +) 

16 bits, output of program counter 

Increments smuitt counter 

Loads program counter 

Loads shift counter 

Loads operand register 

Increments program counter 

Laads data-ioop key register 

Loads operand register and increments program counter 
ORC4 ar ORC? © 

Enables shift: or operand register - (bit 11 of mask field) 
Five bits, shift counter outputs 

At the last condition sampled, the output of the ALU was 
Negative 


Carry-gerierating signais fram ALU ta carry generator 
Three bits, controis latch A bits 15 and O for shift 
aperations 

Miultipiexed shift left input to operand register 
Transters muitiplication sign bit to bit 15 of lateh A 
Carry propagating signais fram ALU to carry generator 
Enabies set or reset of overtlow fiag according to 
contents of contro/-store buffer 

Muitipiexed shift mgnt input to operand register bit 
15 
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Table 6-1. Mnemonics (continued) 


Mnemonics Description 

OTCNO + When high, the current test being gated through the test 
multiplexor is true 

OTKiL= When low, enadies sample test flags 

OV + V fietd bit 

OW + W field bit 

OWCF + Enables data to be written into register files (bit 12 
of mask field and WR fietd lit) 

OWCN= When low, enables data to be written into register files 

OXn +» Two bits. contrai operand register (X field bits) 

OXZRe When low, the last entry to the X register (file 
address 0010) was zero 

OZTS= Wien low the ALU output is zero 

O3RG7= ORC3 or ORC?, either loads operand register 

IAKC4 1/Q acknowledgment of processor request (CROIO +) 

IMAn + Eight bits, 1/0 muitipiexor outputs — 

{RAR > Eignt bits, outputs of address counter (in |/O control) 

iROn + 16 bits. outputs of 1/0 contrai-store 

IBAD Byte address 

ICA » Interrupt clock generator, flip-flog A 

ICS + interrupt clock generator, ilip-flep 8 

icc + Interrupt clock generator, ilip-fap C 

1CD + interrupt clock generator, flip-flap O 

ICO08 + Gantrol signal for 1/Q multipiexor (in 1/0 data loop) 

IcOl + Controt signal for 1/O muitiptexor (in 1/0 data loop) 

1CO28 + Control signal tor 1/0 register (in 1/0’ data loap) 

(C038 + Cantrot signal for 1/0 register (in 1/0. data loop) 

ICD4A + Enabdies 1/0 drivers (in 1/0 data locp) 

ICRY > ' Reserved for future use 

IOCIR + When high, the processor is able to service interruot 

ION » 1/Q done flag sent to processor 

!ONC- 1/O done signal sent to processor 

1ORY + ORYX-1, IUJX-1 and ORYF-1 timing signal 

JEFn Three bits, least signification bits of 1/0 
cantroi-store word (Buffer output) 

1EIOLE= Idle enable flag 

IEJMR + Enable IUJX-I 

IESMP + Sample period of normal interrupt clock 

1EWAIT + Wait enable flag 

1IEXW + Exit external wait 

IFO + Full clock, 165 nanosecond period 

IFRY + FRYX-1, FRYF-i, and ORYF-} timing signal 

IRC + Half. clock, 165 nanosecond period, 180 degree phase 
shifted trom |FC 

1H#SD. + High-speed OMA flip-fiep 

HOLE Inmidit die 

tT Intros timing 

HNHG= Clock inmititer 

HINHE + Interrugt clock inhibitor, fast rate 

IINFIN + Interrupt clock inmiditor, norrnal rate 

NTF + 1/O interrupt flag 

IIMRK + Oeecded interrupt for a jume and mark instruction 

ILDAD= Loads address ‘into address counter 

IMAn » Eight bits, 1/O muitipiexor outputs 

IMXAO + 1/0 contret multisiexor selector 

INSO + OMA flip-flop 

1\OOC +» Reserved tor future use 

lOWS Word/byte 

IRAN + Eignt bits. outputs of address counter (in 1/0 

, control) 
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Mnemonics 


IROn + 
IRQC + 
IRQM + 
IRST= 
ISMF + 
ISMI 
ISRO + 
ITRPF + 
ITRPN + 
IWAF + 
IWAX + 
WRX 
IWLMCG@- 
IWRMC- 
IXRSA3 + 
IXRSA4 + 
KKC2 + 
MABE «+ 
MAKIO + 
MAKQ + 
MAMn 
MASLn + 


MCDFC- 
MCORC- 
MCPA + 
MCPS 
MCRA + 


MCRB + 
MCRP + 


MOBE + 
MOMnhn + 
MONC- 
MFC- 
MHC- 
MIttn + 
MIMCA + 


MIMNZ= 
MIOLn + 
MIOW + 
MIRA= 


MIRB + 


MIRP + 
MMIL= 
MMIOL= 
MMIiF 
MPLE + 
MQC- 
MRO- 
MRQSC + 
MRS1 + 
MRS2 + 
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Table 6-1. Mnemonics (continue) 


BOescription 


. 
e 


16 bits, outputs of 1/0 control store 

Interrupt request from !/O control to processor 
140 requested by the memory 

\/O reset 

Reserved for future use 

Program interrupt pending 

Sense flip-flop 

Fast trap request 

Nermal trap request 

tnterrust acknowledgment fast 

Interrupt acknowledgment normal 

Program interrupt 

1/0 werite, loft byte 

1/0 write, right byte 

Bit 3 of external-request sequence address 

Bit 4 of externai-request sequence address 

165 nanosecond clock driver 

Transfers address to memory address bus 

Memory control acknowledges 1/0 

When high. the PMA request is accepted 

16 bits, memory address muitipiexor output 

Two bits. selection signais for memory address 
muitipiexor 

165 nanosecond fuil clock, gated 

1635 nanosecond naif ciock. gated 

Phase A of clock generator 

Prase B of ciock generator 

When high. the processor request is acceapied on 
positive edge of full clock 

When high, (he processor request is accepted on 
Regative edge of full clock 

When high. the priority logic enables the processor's 
memory retjuest 

When high. enables memory data bus drivers 

16 bits, memory data muitipiexor output 

Memory done 

165 nanesecond full clock 

165 nanosecond half clock 

16 bits, cutout of mernory input laten 

Two bits, stores Dits 0 and 1 of IM field to specifies 
read/write operation 

Goes law when IM field bits 2 and 3 are not both zero 
16 bits, output of memory 1/O laten 

When high, a memory write operation for 1/O data 
When low, an 1/Q memory request 1s accepted on the 
positive edge of the full clock 

When high, an |/O memory request is accepted on negative 
edge of full clock 

When high, an 1/O memory request is enabled 
Loads mernory data into memory inout latch 
Loads mernory data inte memory !/Q laten 

Loads mernory data into instruction buffer 

Address camoarator output 

Oscillator cioc’. 

Memary request from control sequencer 

Memory request samoling ciock 

Memory sequencing flip-flop 1 

Memory sequencing flip-flop 2 
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Minemonics 


MRS3 + 
MWLY + 
MWRY + 
MYAn + 
Miin + 
SERX + 
SMRQ + 
XCSEN + © 


Table 6-1. Mnemonics (continued) 
Description 


Memory sequencing flip-flop 3 

Left-byte contro! tram memory writing drivers 
Right-byte controt from memory writing drivers 
15 bits, memory address bits 

16 bits, instruction register outputs 

Sense response. 

Reserved for future use 

When high, enables the controi-store (read only) 


